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ABSTRACT 


On the basis of analysis of satellite imagery, a set of 
designated cloud patterns is explored to evaluate their potential 
for improving the forecasts of explosively deepening extra- 
tropical cyclones. An analysis of 23 western Atlantic Ocean 
cases included correlation of infrared satellite imagery with 
derived pressure diagrams and synoptic data. The study includes: 
(1) quantitative pattern definition, (2) frequency of occurrence 
Statistics and (3) objective evaluations of usage potential. 
Specific findings include: (1) a high number of dual cloud 
element storms; (2) distinct developmental segments in pressure 
fall rates of the storms; (3) varying degrees of reliability for 
the designated cloud patterns and (4) discussion of the 
practicability of formulating a storm developmental anaiog from 


the designated cloud patterns. 
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I. INTRODUCTION 


Oceanic cyclogenesis is a key research area for the 
improvement of maritime prediction. Sanders and Gyakum (1980) 
provide a study of a particular subset of cyclogenesis cases 
which undergo deepening at a rate which exceeds that of the 
normal cyclogenetic process. They define a "bomb" as an 
extratropical surface cyclone whose central pressure fall 
averages at least 1 mb/h (a correction is applied for latitude) 
for 24 consecutive hours. In amore detailed study for the 
1978-1979 season, they utilized a twelve-hour developmental 
criterion which is used in this study to insure inclusion of more 
cases which might escape detection under the less stringent 
twenty-four hour criterion. 

Sanders and Gyakum describe the "bomb" as a predominantly 
maritime, cold season event. It is usually found to occur 
approximately 400 n mi downstream from a mobile trough, within or 
poleward of the maximum westerlies and within or ahead of the 
planetary scale trough. The mobile trough typically migrates for 
several days across the upwind continent before triggering tne 
explosive surface event. They show that the cold season, 
extending from September until early April, includes the majority 
of such events and cite statistical data which indicate a peak 
frequency during the months of December and February. This 
frequency varies over the world's oceans but is considered to be 
applicable for the western North Atlantic Ocean Basin. Ine 


geographical distribution for the western North Atlantic Ocean 


places nearly all occurrences between 40° and 75°9W with a 
significant decrease for latitudes north of 509N. In testing the 
hypothesis that most of the hemisphere's deepest cyclones have 
deepened explosively, Sanders and Gyakum found that out of 3/7 
deep lows (960 mb or lower) during the nine-month period 
following 1 September 1978, 31 qualified as a bomb during their 
development. Therefore, they conclude: “Explosive deepening is 
a characteristic of the vast majority of the deepest cyclones.” 

The damaging potential of this type of cyclogenesis is a 
major concern of forecasters in near-coastal regions and an 
ultimate source of danger for vessels traversing open oceans in 
extratropical latitudes. Recent examples are provided by the 
tragic disruption and subsequent loss of life during the 19/79 
Fasnet Yacht Race (Rice, 1979) and the total paralysis of the 
Nation's Capitol, as a result of a record snowfall associated 
with the President's Day Cyclone of February 1979 (Bosart, 1980 
and. Ucee) 1 7 ni Meiapallmemesci) 

The inability of current atmospheric numerical models to 
predict explosive cyclogenesis is discussed by Sanders and Gyakum 
(1980), Uceel lima et al. (1981) and others. ~Sanders sanideGyaiiua 
state that it seems unlikely that further improvements can be 
acnieved simply by increasing the horizontal resolution. They 
suggest that important physical processes are missing. Likely 
candidates are inadequate representation of the bulk effects of 
cumulus convection and the planetary boundary layer. Uccellini 
et al. (1981) analyzed the LFM-II predictions of the President's 


Day Cyclone. They found poor prediction of the pre-cyclogenesis 
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mass-momentum adjustments associated with the supergeostrophic 
subtropical jet and development of the low-level jet off the east 
coast of the United States. 

The removal of ocean weather ships has additionally weakened 
the probability of timely detection through the loss of 
Consistent oceanic observations (Bottger et al., 1975). The 
authors discuss the current trend toward the use of satellite 
imagery as an additional aid in prognosis. They state: "It is 
fortunate that satellite imagery has proven to be of direct 
assistance for predicting the onset of deepening." 

However, the utilization of satellite imagery has its 
inherent problems for locations which lack high resolution, 
direct readout capabilities. The relative mediocrity of landline 
facsimile satellite products produces degradations in clarity and 
resolution. These deficiencies limit the user to larger scale 
patterns which are readily discernible in the available imagery 
OO GU Gres: 

The primary pirpose of this thesis is to improve the quality 
and timeliness of forecasts for explosive cyclogenetic events 
which occur over the nearshore waters of the western Atlantic 
Ocean. The use of meteorological satellite imagery as a 
prognostic tool is addressed as an important element for 
improvement in the existing level of meteorological forecast 
expertise in conjunction with these events. The objectives for 
this study are designed to develop a framework to aid in the 
satellite-imagery detection of cloud patterns or individual 


Signatures which can be associated with explosive cyclogenesis. 
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The study objectives are as follows: 


1. The designation of cloud patterns which could be associated 
with explosive cyclogenesis. 


2. To quantitatively define these cloud patterns. 


3. To provide the frequency of occurrence statistics for a 
number of documented cases. 


4. To evaluate the usage potential of these patterns. 
5. To organize these patterns into a developmental analog(s). 


6. To describe additional synoptic implications and provide 
documentation where possible. 


Chapter 2 describes the variety of cloud patterns associated 
with cyclogenesis. Data for this study and analysis techniques 
are presented in Chapters 3 and 4 followed by results (Chapter 5) 


and conclusions (Chapter 6). 


eZ 


IT. BACKGROUND 


The commonly accepted association between extratropical 
cyclones and jet streams dictates a necessity to search for cloud 
patterns which might be related to either or both phenomena. 
Thus, the majority of studied patterns are associated with upper- 
level cloud manifestations of jet streams or individual 
Signatures of cyclogenetic events. These patterns are also among 
the easiest to detect since their relative height precludes 
obscuration by higher clouds and their extensive coverage 
nullifies the adverse affects of low quality landline facsimile 
satellite imagery. 

An extensive search of available literature provides $1ix 
potential patterns and one set of four cloud models v1ich have 
been linked with cyclogenesis and its associated jet Streams: 

im Jet Stream Cirrus Patterns ; Kadiec (1964). 
Peeerie Baroclinic Leaf"; Weldon (1977). 

3. The “Comma Cloud"; Weldon (1979). 

ewe scloud Head Formation’; Bottger et al. (19/5). 
5. the "Cloud Tip and Slot"; Weldon (1979). 

6. The “Enhanced Cumulus Wedge"; Fett (1981). 


fees Polar |ow': Reed (1979) and Mullen (1979). 


me STREAMMCI OUD PATTERNS 
The inclusion of jet stream cloud patterns was found to be 
Irdeciealeror at least two reasons: (1) they are large scale 


patterns which are easily recognized in satellite imagery and 


FS 


(2) a large part of the research of associated cloud patterns for 
"bomb" occurrences linked these patterns to the characteristic 
deepening. Kadlec (1964), McLean (1957), Conover (1960) and 
others determined that an extensive cloud shield exists to the 
south of a jet stream core. These early works describe the 
presence of a sharp northern edge which is found within 400 n mi 
of the jet stream core on the warm side in the entrance or 
neutral region. Kadlec (1964) associates three basic 
requirements with the formation of cirrus: (1) a widespread area 
of ascending motion or lift in the upper wind field (2) static 
air temperatures of 389°C or colder and (3) a wind velocity of 
JPL Or gir ed tens 

Whitney et all. (1966) discuss a theoretical model (propos equi 
Riehl which relates to the dynamics of the j2t stream in tne area 
of a wind maximum and its relationship to hiyjh level clouds. Tne 
horizontal divergence in the entrance region on the tropical side 
and on the polar side in the exit area are proposed to provide 
the ascending motion for cirrus formation. In the ensuing 
discussion they also point out alteration of the divergence 
pattern by jet stream curvature, low moisture in the polar exit 
region and frequent observations of cirrus in areas of positives 
vorticity advection: 

McLean (1957) discusses the frequency of occurrence of cloud 
types in the vicinity of jet streams. He concludes that a maxima 
of cloud occurrence are found in the upper troposphere four to 
five degrees north of the core and immediately above tne jet 


stream front four to six degrees south of the core. McLean 


points to a minimum of cloudiness nortn of the jet stream at the 
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core level. He also indicates that on the basis of study cloud 

observations, where the cirrus extended to the north of the core, 

there is often a narrow break in the cirrus at the core itself. 
1. Jet Stream Cirrus Patterns 

Kadlec (1964) expanded his original study to a data base 
of 607 flights. He redefined the original study and formulated 
four cloud patterns which describe the areas of occurrence, 
thickness and horizontal extent of cirrus. Type A through C are 
models of jet stream cirrus which are associated with the polar 
front jet stream, subtropical jet stream and a combination of the 
influence of both jet streams. Type D is primarily a jet 
Situation that produces little if any significant cirrus. 

The Type A and C models formulate the basic 
characteristics for the polar front and subtropical jet stream 
cloud patterns. In the Type A model the polar jet stream is in a 
trough-to-ridge configuration (Fig. 1). The average distance 
demosoe tne cirrus shield is 600 to 800 n mi. The cirrus occurs 
south of the jet stream and clear skies are observed in the 
eowgmearea. Ihe type C model is illustrated by Fig. 2. This 
Situation produces a thick cirrus layer when the jet stream is 
oriented in an anticyclonic arch. The width of the pattern is 
about 600 n mi in the area of maximum curvature and diminishes to 
approximately 400 n mi in areas of formation and dissipation. 
This model includes both the polar front and subtropical jet 
streams and produces extensive cirrus. The polar front jet stream 
is in a Type A trough to ridge configuration and the subtropical 
jen ateanticyclonic configuration. The pattern width 


varies from 400 n mi in areas of formation to between 1,000 and 
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Figure 1. Plan View of Polar Jet Stream and Cirrus Pattern Model Type A. 
(from Kadlec, 1964) 
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Figure 2. Plan View of Subtropical Jet Stream and Cirrus Pattern Model Type C. 
(eeomekaglec, 1964) 
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1,500 n mi in the ridge. This extensive coverage occurs when two 
jet streams converge to within 300 n mi in the trough area. The 
Type B (Fig. 3) model provides for clear skies in the trough area 
north of the polar front jet stream and between the polar front 
and subtropical jet stream in the area of convergent flow upwind 
of the trough. This clear area between the two jet streams is 
recognized as Kadlec's "Dual Jet Split." 
oc. Barocl inves beam 

Weldon (1979) provides an excellent discussion on the use 
of satellite imagery in conjunction with cyclogenesis 
forecasting. He utilizes three major cloud development types to 
formulate a basis for imagery analysis in cyclogenetic events: 
(1) baroclinte zone cirrus, (2) the baroeliimiemieat sand 1) vere 
comma cloud. He provides guidance for developmental cloud 
sequences and well-illustrated examples of numerous 
configurations that these basic elements may assume. Weldon 
(1977) discusses the cloud pattern evolution for oceanic 
cyclogenesis. He refers to the earliest detectable 
characteristic of this pattern as a6 Daroclmimemcal (ra 0.9m 
Weldon indicates that the baroclinic leaf is a cloud pattern 
which is associated with frontogenesis aloft within a westerly 
wind field. Usually the system is vertically deep and surface 
frontogenesis is also occurring. The ensuing cloud pattern is 
normally elongated with relatively well-defined borders on both 
Sides. The equatorward side may be well defined along its entire 
distance, or it may be more distinct along its western or 


upstream end. The distinct southern border and tip are 
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Figure 3. Plan View of Polar and Subtropical Jet a s with Cirrus Pattern 


Model Type B. (from Kadlec, 
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Figure 4, Baroclinic Leaf as Depicted in Low Amplitude Trough (A above) and High 
Amol i tude zene BB awemne) (from Weldon, 1979) 
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associated with the lower middle tropospheric baroclinic zone 
(jet stream front). This northern border will most likely have a 
gentle “S" shape curvature. The low amplitude "“S" consists of a 
downstream transition from an area with a concave poleward edge 
through an inflection point to an area with a convex poleward 
edge. The poleward edge can also Diem niin Orde mmen ean me gUeNGy mol 
wecummence) all convex, nearly straight or all concave. 

The normal variations in a leaf configuration are 
depicted in Fig. 5. Here the pattern takes on a “wing" or “leaf" 
shape, depending upon the predominant poleward branch 
configuration. The “wing" shape (pattern d) is associated with 
the surface frontal zone and frontal wave development. It is 
considered by Weldon to be of a channeled nature when related to 
the upper-wind flow. This type of development usually involves 
the head cloud (to be described later) in its later phases. The 
“leaf" shape (pattern c) indicates upper or middle-level 
development which is advanced, in respect to time, relative to 
low-level development. Weldon relates the leaf snape to positive 
vorticity advection. This pattern can evolve directly into a 
comma cloud (Fig. 6) or include a head cloud to comma cloud 
development. This advection-type development may be associated 
with “Polar Lows" and the process of “instant occlusions." 

Weldon's treatment of the baroclinic leaf nas not been 
completely described in the preceding discussion. fhere are 
numerous variations and implications which deserve further study. 
One important difference is in the distinction between the 


haroclinic zone cirrus mentioned earlier and the baroclinic 
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Figure 5, Variations of Baroclinic Leaf Configuration where M and S Represent 
Middle and Surface Level Developments. (from Weldon, 
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Figure 6. Development of a Pattern d "Wing Shaped" Baroclinic Leaf. The "S" or 


Surface Dominated Development 1s Portrayed over a i2h 
Period. (from Weldon, 1979) 


leaf. According to Weldon, the baroclinic leaf has relatively 
distinct borders on both sides of the leaf pattern, the normal 
difference being found in the definition of the equatorward 
(southern) border. Weldon indicates that the equatorward side of 
the baroclinic zone cirrus is normally not well defined. He 
discusses four categories where the equatorward border will 
display the definition required for baroclinic leaf designation. 
Three of these categories would appear to be of interest: (1) 
association with a surface frontal zone, (2) a double jet stream 
or double jet maximum structure and (3) an elongated vorticity 
maximum. A cloud pattern with a well-defined equatorward border 
may fit into one or more of these categories (Fig. 7). Thus, the 
Subsequent evolution of Weldon’s baroclinic leaf is influenced by 
the strength of the surface frontal zone and may include complex 
upper-level patterns which have multiple jet stream structures. 
Weldon continues to describe the baroclinic leaf as wel] 
defined with a relatively uniform cold top area. He limits the 
majority of its evolution to a period of 24 hours. Its early 
growth consists of an increase in distinctiveness and continued 
maintenance of the general leaf shape. This increase in 
Sharpness of appearance is often accompanied by a clearing or 
decrease in cloudiness adjacent to the main cloud area. 
Subsequent evolution provides for the disappearance of the 
poleward edge band and developoment of a comma-like shape. At 
this point Weldon suggests a surface low pressure center forms. 
Just prior to the comma cloud phase, Weldon suggests a 


division in the future development. At this point, development 
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of the main cloud area is influenced by the strength of the 
accompanying surface frontal zone. The pre-existence of a 
Surface frontal zone in close proximity to the baroclinic leaf 
brings about the extended development of the convex portion of 
the leaf. 

The change of curvature of the poleward edge is also 
related to the synoptic environment in which the system is 
located. If the system is forming within the flow around a high 
amplitude trough, the convex portion of the leaf is decreased and 
the concave portion is enhanced. The opposite is true in zonal 
flow or a longwave ridge, especially when an old pre-existing 
frontal zone is involved. Here, the convex portion is dominant 
and tne ridge builds rapidly even before evolving into the comma 
Stage. This convex dominant growth rapidly amolifies the middle 
tropospheric ridge and is referred to by Weldon as a baroclinic 


maa iiic 


Bas CYCLONE RELATE RR CEROUD PATE Rigs 
1. The “Comma" Cloud Pattern 

Weldon (1979) defines the primary cnaracteristic of cloud 
“comma" patterns to be the "“S"-shaped relatively well-defined 
back border. A typical comma cloud pattern, as seen in satellite 
imagery, 1S composed of a combination of clouds and associated 
boundaries at primarily different levels. Weldon (19/79) provides 
the following cloud comma pattern characteristics, which 
determine comma appearance: 

1. the relative age or stage of evolution of the system. 


2. direction of tne relative 500 Mpbevonrticic, center. 
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eeenocationmonr the 500 mb vorticity center. 
4. location of the jet speed maximum and general orientation. 
2. The "Cloud Head" Formation 

Weldon's baroclinic arch seems similar to the "cloud 
head" of Bottger et al. (1975). An example of this pattern is 
provided in Figs. 3A-5A (Fett et al. 1981). Bottger et al. relate 
the cloud head formation to a normal cyclogenetic process 
involving a condition of extreme baroclinity along a front 
between subpolar and subtropical air masses. The head cloud 
fonmereion is described by Fett et al. (1981) as consisting of a 
compact anticyclonically-curved cirrus canopy which is centered 
over the surface disturbance. They describe a large field of 
open cellular cumulus which surrounds the system on the cold-air 
Side. 

Additional characteristics are an anticyclonically-curved 
cirrostratus shield covering tne entire system and the associated 
dearee of curvature depending upon the stage of development, and 
a sharp northern limit of the shield coinciding with the jet 
Stream axis. This characteristic shape can appear in the early 
Stage of deepening when nothing except a very weak wave is 
discernible on the surface pressure analysis. 

Pomuge, et aime (1975) citesa statistical investigation of 
tne period 1968-73 which indicates that all extratropical 
hurricane developments viewed in the eastern North Atlantic Ocean 
were preceded by the appearance of cloud heads. They further 
conclude tnat no cloud heads occurred without being followed by 


major deenening at the surface. It must be considered that this 
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Study was based on ESSA imagery and only one stage of development 
could be seen within the 24-hour image intervals. Thus, a 
continual evolution of the head cloud pattern was not provided. 

As pointed out be Weldon, the lack of a pre-existing 
surface frontal zone brings about a baroclinic leaf to comma 
cloud development. Weldon also describes cases where the cloud 
pattern evolves directly into a "comma shape". He provides 
illustrations of three categories of comma cloud patterns (Fig. 
8). The first of these is associated with low and lower middle 
tropospheric boundaries. The second type has high-level 
baroclinic zone cirrus associated with it. In this case the 
major high-level baroclinic zone is not as well developed as the 
middle and lower levels. The third type directly involves a 
perturbation of the upper troposphere. When the system evolves 
directly into this pattern, the upper level development is often 
advanced (in time) beyond the low-level development or tne system 
may develop at upper levels only. 

3. Fett's Enhanced Cumulus Wedge 

Another indication which might be siqnificant in 
explosive-deepening is enhanced convection in the trailing tip 
of the comma cloud or leaf. Fett (1981) suggests the importance 
of an enhanced wedge of convection in satellite imagery of 
exnlosively-deepened storms. Weldon refers to this wedae as the 
tail of the developing comma cloud and considers it to be an 
indication of middte-level frontogewesis. = Andersconmece all. ee 
points to enhanced convection associated with the northward 


intrusion of the subtronical jet over the trailing edge of a 
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Figure 8. Weldon's Three Categories of Comma Cloud Patterns. 
(from Weldon, 1979) 
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frontal zone during summer. This intrusion is a key factor in 
severe weather predictions for the summer months. 
4. Weldon’s Cloud Tip and Slot 

The existence of a gap or slot, which is often observed 
in the upper cloudiness of developing systems, can be provided 
through the emergence of a lower-level comma cloud on the 
cold-air side of a baroclinivéscirrus deck. SeXlsovm=1e may peed 
Sign of early development of a comma cloud. Oliver et al. (1964) 
discuss a dark streak in cirrus clouds which is caused by a 
change in height of cloud tops across an area of converging jet 
Streams. At least one area in the presented case could not be 
explained by sun angles and was concluded to have been a cloud 
break or slot. Weldon (1979) discusses the emergence of a 
lower-level comma cloud. This break provides one additional case 
of a well-defined southern border as seen along edge — in Fig. 9 
This is a dual jet case and Weldon indicates that the channeled 
wind maximum between the two jet streams will often advance 
across the comma tail at point B and cause a break in the frontal 
weather. This advance leaves two separate cirrus patterns; 
Weldon considers the lower-level comma emergence and dual Crus 
modification to be an indication of extensive deepening beyond 
that observed in normal cyclones. 

5. Polar Lows 

Reed (1979) and Mullen (1979) discuss the theory of “polar 
low formations. Mullen defines these cyclones as cold air-mass 
cyclones which are found to be associated with deep baroclinity 


throughout tne troposphere. They are located on the low pressure 
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Figure 9, Advance of a Channeled Wind Maximum Between Jet Streams. 
(This Often Causes a Break at B and Dual Clouc 
Signature . ) (from Weldon, 1979) 


hil 


side of well-developed jet streams in regions of strong cyclonic 
wind shear. Mullen concludes the lower troposphere to be 
conditionally unstable and strongly heated by the warmer ocean 
water below during the early stages of development. Reed (1979) 
reports that satellite photographs reveal the small cyclones to 
be characterized, in the mature stages, by a comma-shaped 
pattern. Bottger et al. (1975) also point Cena relate ely scimaga 


——— 


cyclone with a diameter of less than 1000 km. 
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The dates and locations of “bomb” occurrences were selected 
from a listing provided by an extended study of the subject by 
Sanders and Gyakum (1980) for the 1979-80 season. This listing 
and supplementary occurrences for the period after the 1980 paper 
were Kindly provided by Robert W. Fett, Naval Environmental 
Predictions Research Facility (NEPRF), Monterey, California. 

Because of a need to set geographical limits for the study 
and restrictions of available satellite imagery and 
meteorological data, the boundaries of the study extend from the 
east coast of the United States eastward to 40°W. The northern 
boundary was selected at 509N, as suggested by decreasing 
frequency of occurrence in the Sanders and Gyakum (1980) study. 
The southern boundary was considered to be the equator, but for 
all practical purposes was 209N. Within these boundaries 37 
occurrences of explosive cyclogenesis were found during the 
period from September 1978 until May 1980. Of the original 3/7 
Scomms, 23 had sufficient data and satellite imagery for 
analysis. See Table I for a listing of storm events on which 
themes stittdy was based. 

Initial procedures included the timeplots of individual storm 
tracks and the graphical display of pressure patterns versus time 
fe@ameacaestowm (Table II). This information was taken from 
National Meteorological Center final surface analyses which were 
available in the archives of the Department of Meteorology, Naval 


Pomtaqraduate School, Monterey, California. To conclude the 
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TABLE I 


Listing of Studied Storms and Location 
of Attainment of Lowest Pressure 
(from Sanders and Gyakum (1980) and Fett (1981)) 


NUMBER DATE POSITION 
1 19 JAN 1979 41N 59W 
2 28 JAN 1979 32N 80W 
3 01 FEB 1979 35N 70W 
4 10 FEB 1979 35N 70W 
5 14 FEB 1979 40N 54u 
6 19 FEB 1979 31N 78H 
7 12 MAR 1979 46N 46W 
8 01 NOV 1979 46N 46W 
9 05 JAN 1980 33N 73M 

10 20 JAN 1980 43N 60W 
im 24 JAN 1980 45N 60 
12 30 JAN 1980 35N 63H 
13 Ol FEB 1980 35N 65W 
14 05 FEB 1980 33N 6 2W 
15 07 FEB 1980 36N 74W 
16 11 FEB 1980 41N 61N 
17 13 FEB 1980 42N 59W 
18 22 FEB 1980 50N 49W 
19 26 FEB 1980 37N 70W 
20 01 MAR 1980 48N 55W 
21 03 MAR 1980 34N 74 
22 12 MAR 1980 47N 651 
23 15 MAR 1980 45N 68W 
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LABEE. lt 
Explosive Pressure-Fall Statistics 
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analysis packages for each storm, satellite imagery (both 
infrared and visual imagery of GOES East and GOES West) and 
upper-air NMC facsimile analyses (200, 300 and 500 mb) were 


also compiled. 
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1¥. ANALYSIS 


During the analysis phase the available satellite imagery and 
meteorological charts were studied for a period of seven days for 
each individual storm. The seven days were divided into two 
periods of five days up to and including attainment of lowest 
pressure, and two days after attainment of lowest pressure. 
Originally, the period up to attainment of lowest pressure was 
studied for three days. The period was extended to five days to 
attempt evaluation of a long range pattern correlation. For the 
purpose of this study infrared imagery were found to best depict 
the upper-level cloud patterns. Infrared imagery were routinely 
available in three-hour increments and the intermediate coverage 
provided by GOES West and visual imagery was utilized as an 
interim supplement. 

The procedure for analysis consisted of viewing the 
sequential imagery and denoting observed cloud patterns (on the 
pressure pattern graphs) by time of occurrence. Subsequent 
analyses of eacn data set were compiled without reference to 
previous analyses in order to evaluate the consistency of 
detectability of the chosen cloud patterns. 

The overall analysis scheme provided: (1) a plotted pressure 
curve for each storm, (2) tne velocity of associated jet maximums 
gemez00 and 300 mb, (3) plots of individual storm tracks and (4) 
Seatemeral listings of cloud pattern occurrences. Utilizing the 
outputs from each analysis, statistics were then developed for 
pressure patterns, signature occurrences, jet maximums and tne - 


areal coverage of individual patterns. 
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V. FINDINGS 


The original procedures designed for this study required 
repetitive analysis of numerous satellite photographs. During 
the analyses each individual storm seemed to develop in an 
evolution of its own. It soon became evident that the 
formulation of a classical developmental model, utilizing the 
designated cloud signatures, was an unrealistic goal. Also 
Strongly apparent was the practice required to recognize the 
basic patterns ina large-scale satellite photograph. All of the 
chosen signatures and some additional ones were found at some 
point during tne development of the majority of cases. AS in the 
development of individual storms, the development sequence of 
designated patterns varied as did the individual characteristics 
of these patterns. 

Uccellini et al. (1981) provided insignt™ta tie= complexities 
one individual storm. In their analysis of the President's Day 
Cyclone, they concluded: “The interactions of 
tropical-extratropical regimes associated with the subtropical 
and polar jets, the upper-lower tropospheric coupling associated 
with the development of the low-level jet, the terrain 
modification due to the damming effect, and the complex 
baroclinic process associated with the initiation of the cyclone 
by the second wave and polar jet streak all combined to produce 
the rapid cyclogenesis that marked the President’s Day Cyclone." 

The sequential development of individual storms is provided 


in Table III. A careful study provides a pattern which closely 
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TABLE III 


Chronological Order of Storm Signature Development 


BAROCLINIC ENHANCED CLEAR JET HEAD COMMA TIP AND 


STORM LEAF CUMULUS AREA CLOUD CLOUD CLOUD SLOT 
1 fl 2 3 5 4 
2 3 1 2 4 6 5 
3 1 2 4 3 
4 2 3 1 4 6 5 
5 3 1 4 2 
6 1 3 4 2 6 5 
7 2 1 3 5 4 
8 2 3 1 5 4 
9 l 2 3 4 6 b 

10 1 2 3 4 

11 4 1 2 3 5 

ie 6 l 3 2 4 » 
13 2 1 3 

14 1 2 4 3 
15 2 3 1 5 4 
16 1 2 3 4 6 5 
17 1 2 4 3 
18 4 5 1 3 2 
19 3 2 l 4 6 5 
20 2 4 l 3 6 5 
21 2 l 3 4 6 5 
22 2 3 l 5 4 
23 1 3 4 2 6 5 


oN, 


follows Weldon'’s baroclinic leaf development. If the head cloud 
is considered to be the end result of the convex-dominated leaf 
development, the process becomes a variation of the baroclinic 
leaf concept. The cirrus models which were formulated by Kadlec 
would seem to be related to the baroclinic zone cirrus discussed 
by Weldon (1979). The description of the baroclinic zone cirrus 
is adequately covered in Weldon’s narrative. The gross physical 
dimensions follow closely those provided by Kadlec (1964). The 
positive aspects of retaining Kadlec’s models are based more upon 
their descriptions as applied to the curvature of associated jet 
stream(s). The curvature of the cirrus cloud edges can be 
related to jet stream maxima and the long wave pattern. In the 
case of anticyclonic curvature they would appear to indicate tne 
presence of the subtropical jet stream. The formation of these 
long bright areas of cirrus also indicate the presence of strong 
jet streams. Thus, even though Kadlec’s patterns cannot be 
directly related to explosive cyclogenesis, these patterns are 
related to long-wave patterns which would indicate some form of 
cyclogenesis potential. The cases of anticyclonically-curved 
patterns could very well be the earliest detectable 
characteristic of explosive-type developments. Furthermore, tyre 
baroclinic leaf is most often seen to develop from the baroclinic 
zone cirrus. 

The key descriptive factors of Weldon's baroclinic leaf 
pattern (Weldon, 19/77 and 1979) is the concave to convex “S$” 
shape and the sharp outline of the cloud area. Jager (1984) 


provides a case study of a baroclinic development. He finds a 


40 


sharp northern edge which displays anticyclonic curvature, even 
though the jet stream is cyclonically curved; the formation to be 
comprised of highly reflective cold clouds; the leading and 
trailing edges somewhat less well-defined and a final change from 
“leaf" to “comma"“ configuration. As seen from the analysis of 
this study the southern end will usually terminate in a pointed 
or conical shape. During a few of the developments the concave 
end displays two end segments or a branch configuration. This 
branch moves progressively up the poleward edge and appears to be 
the indication of a short wave trough and its associated jet 
maximum. 

The convex end is normally curved in an anticyclonic manner 
which resembles an arch. The case described by Jager (1984) 
would appear to be a case where this segment was dominant. In 
the cases studied there was a high percentage correlation of 
baroclinic leafs to head cloud formations. The common element of 
convex dominant baroclinic leafs, head clouds and Kadlec's Type B 
pattern is the anticyclonic curvature of the northern edge. 
Kadlec (1964), Weldon (1979), Fett (1981), Reiter and Whitney 
(1969) and others associate dual jets, anticyclonic curved jet 
streams, upper-level baroclinity and upper-level divergence witn 
Gris a@mcticyclonic curvature. 

The “comma cloud” formation is undoubtedly associated with 
cyclogenesis. The association with explosive cyclogenesis is 
Slightly more difficult to define. The comma cloud appears to 
evolve and deepen much in the manner of other less intense 


storms. Its major distinguishing feature is the relative 
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compactness of the observed development. As an additional 
investigation during this study, the plotted pressure curve for 
each storm was utilized to study the imagery versus pressure 
correlations which were developed by Junker and Haller (1980). 
The basic patterns would appear to apply to explosive 
cyclogenesis. They can be utilized to detect explosive 
cyclogenesis in its mature stages after the surface low has 
developed. 

The “cloud head" formation follows the description of Bottger 
et al. (1975), and Fett and Bohan (1991). Saami ionat 
descriptions derived from this study are the cloud heads’ 
resemblance to a semicircle and its high percentage of evolutions 
which involve alterations of an existing baroclinic leaf. The 
point at which a convex dominant baroclinic leaf is designated as 
a head cloud is debatable. The correlation with plotted 
pressures and points of change in deepening rates seems to 
indicate a relationship with the ratio of pattern length to 
pattern width. Repeated analyses have formulated a width to 
length factor of greater or equal to one half. The physical 
dimensions of studied head clouds varied over a wide range. 

These patterns can be of lengths from 1,500 n mi to as small as 
300 nmi. The average size for head clouds was 720 n mi long and 
360 fn Tigi wide 

The “cloud tip and slot" are related to tne first visible 
indications of vortex development and do not appear to be 
definite indicators of only explosive storms. The tip and slot 


are a combined indicator since the slot is the open area between 
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the cloud mass and the emerging comma tip. This indicator was 
discernible in 19 of the 23 studied storms. The relative 
smallness of the tip often causes it to be difficult to detect 
but its parallel appearance with the cloud slot provides a fairly 
strong indicator of the early stages of vortex formation. 

The “enhanced cumulus wedge" was also found in 19 of the 23 
studied storms. This pattern provided the first identifiable 
indicator in six of these storms. The pattern appears to be tied 
to extremely deep convection and may be one of the strongest 
indicators of explosive cyclogenesis. 

The sequential development of individual storms was provided 
in Table III. A careful study provides a pattern which closely 
follows Weldon’s baroclinic leaf development. If the nead cloud 
is considered to be the end result of the convex-dominated leaf 
development, the process becomes a variation of the baroclinic 
leaf concept. 

Two cases are presented to illustrate these patterns. Storm 
number seven, 12 March 1979, shows a straightforward development 
from baroclinic cirrus deck to baroclinic leaf to head cloud 
Tommation- meme early appearance of a baroclinic cirrus deck 
(Fig. 10) lacks the characteristic shape of the leaf |S “alpenou an 
the northern edge is extremely well defined. This image displays 
many of the features of Kadlec’s Type “B" and appears to 
represent a superposition of two jet streams. The southern jet 
can be easily discerned as it crosses the Baja area and over the 
western tip of Texas. Most likely there is a polar front jet 


associated with the major trough which is bringing clear skies 
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Figure 10.- GOES Imagery 0130 GMT 1! March 1979 


womecie Maloy eot the continental United States. The 
characteristic "S" shape of the baroclinic leaf is evident along 
the sharp northern cloud border in Fig. 11. Three hours later 
(Fig. 12) the amplitude of the convex end increases significantly 
and a clear jet area extends toward the northeast as the jet 
exits the North Carolina coastline. Whether the area is a cloud 
Shadow or an indication of dry air due to subsidence between two 
closely-spaced jet streams is strictly a matter of judgement. 
The cirrus pattern shown in Fig. 13 has reached an amplitude 
sufficient for head cloud designation. The pressure at this time 
is 993 mbs. According to Junker and Haller (1980) this pressure 
is associated with a pronounced cyclonic bowing of the frontal 
cloud band. The further evolution continues along tne head cloud 
development through times represented by Figs. 14 and 15. In the 
period jTmommmeeooeuintil 2230, Ill March, the surface pressure falls 
from 1006 mb to 984 mb, with a steady drop of 1.61 mb/h. This 
fall rate continues for a period of 36 nours as the pressure fell 
to a low recording of 950 mb. The storm was the only one studied 
wnich maintained a steady explosive nressure fall for tne entirs 
deepening cycle. The steady explosive nressure fall and extended 
head cloud development make this storm the most intriguing of 
those studied. The correlation to Kadlec's Type 8B Model and the 
extension of the early development process may be integral parts 
of the observed pressure fall anomaly. 

As evidence of the variability in individual storm 
development, the storm of 19 February 1979 1s described, 


aemeZena fides lo through 21. This storm includes tne clear 
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GOES Imagery 1630 GMT 11 March 1979 
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Figure 15. GOES Imagery 2230 GMT 11 March TAS, 


jet area and displays intense squall line development. In Fig. 
16, yet another configuration of the baroclinic leaf is depicted 
in the cloud mass to the south of the clear jet area. This leaf 
has an inverse "S" shape on its southern boundary. The rear edge 
of the "S“ shape is found by a bright rope-like cloud feature. 
The northern cloud mass has a convex dominant shape. A sharper 
definition of the southern leaf pattern and the development of a 
convective wedge at its southernmost end is displayed in Fig. 17. 
The nortnern cloud mass shows increased definition as it 
approaches a semicircular shape (995 af). The semicircular head 
cloud pattern is shown in Fig. 18. The southern cloud mass now 
becomes elongated and loses che Pec ontilrdltion Oherts southern 
edge. 

In Fig. 19 the two cirrus patterns begin to merge across the 
Gledreje Umameeam 992 mb). By 1330 GMI 10 Feb (Fig. 20) the 
northern area displays an emerging comma tip in the vicinity of 
409N and 55°W. The associated pressure pattern begins to show an 
exnlosive fall rate at 1200 GMT on the 1Oth and the pressure is 
presently 984 mb. The southern cloud mass has now most of its 
definition, but the lower gray-shaded clouds of a frontal band 
are now visible underneath the cirrus remains. The merger across 
the clear jet area is now nearly complete as the system reaches 
comma cloud status. 

In the last image (Fig. 21) the comma pattern is well 
defined. This storm develops with two pressure fall periods 
which exceeded 2 mb/h. The overall pressure fall starts at 1004 


mb and maintains a rate of 2.13 mb/h for over 30 hours. The 
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GOES Imagery 1030 GMT 10 February 1979 


Figure 19. 
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GOES Imagery 1630 GNiT 10 February 1979 


Figure 21. 


rate from cloud system merger (990 mb) to complete vortex closure 
(940 mb) provided a deepening rate of 2.77 mb/h. 

Storm number 10 demonstrates the concept which will be called 
a dual cloud element storm here. Two patterns have been 
correlated with extended breaks in large cloud elements. These 
are Kadlec’s "Dual Jet Split” and Weldon’s special subset of the 
well-defined southern edge for the baroclinic leaf. In storm 
number 10 the main cloud areas are divided into two distinct 
cloud elements. The clear area which separates these cloud 
elements appears to be a manifestation of jet stream(s) presence. 
The inability to determine the exact cause(s) of these clear 
areas precludes designation as one of the aforementioned 
categories. For this reason the phenomenom is simply referred to 
as a clear jet area. The additional problem of dual element 
storms can cause cloud patterns to become highly variable during 
the storm’ s Histon. 

The numerous variations which are possible in a dual element 
storm are depicted in Figs. 22 through 29 of storm number 12. 
The earliest detectable indication of development is the 
“enhanced cumulus“ cloud which appears as a bright circular area 
in the extreme southern part of the cloud mass (Fig. 22). This 
area, located between 10 and 15 degrees longitude east of tne 
southern tip of Florida, is an example of a variation to the 
enhanced wedge development discussed by Fett and Bohan (1981). 
This very bright cloud element was found during the development 
of all but four of the studied storms 2 ele provided = cies rst 


identifiable indicator in six of theses Oris eel ne ope ce 
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Figure 22. 
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enhanced area has developed into a distinct head cloud formation. 
The cloud-free area around the head of the cloud pattern 
separates it from the cloud areas to the north. This clear jet 
area was found in a majority of the studied cases and was the 
most consistent indicator. The clear area was usually well 
defined and of an equal width along its entire length. It 
provided a distinct separation between the northern or western 
boundary of the cloud element and other cloud masses. This area 
was usually from 300 to 500 n mi wide and was defined by very 
distinct cloud edges on both the storm signature and the adjacent 
Cloud masse 

By 0730 GMT 30 Jan (Fig. 24) the southern cloud mass has 
begun to break down and the northern area is forming a head cloud 
with a western edge which is comma shaped. The southern end of 
this comma cloud is the traditional wedge shape of Fett's 
enhanced cumulus wedge. In the majority of cases where tne head 
cloud subsequently developed into a comma shape, the comina 
developed in the western or northwestern edge of the head cloud. 
The head cloud shaped mass (Fig. 25) has expanded and the cloud 
Slot and tip of a developing vortex now can be detected in its 
northwestern perimeter. The southern cloud mass begins to reform 
as a baroclinic leaf and tne forked southern edge can be seen in 
the two points on its southernmost end. The characteristic clear 
jet area still remains as the separation between the two cloud 
masses. 

The evolution continues (Fig. 26) as the southern cloud mass 
Shows a wing-shaped configuration. The northern mass shows a 


clear vortex rotation and a cloud slot. The pressure pattern 
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DOmmeeias StOnmm1mGdicates the start of a second explosive pressure 
mall) at D@O0NehEeonmetne S0th at a pressure of 995 mb. This 
pressure fall continues for 24 hours and reaches a low pressure 
of 965 mb. The northern vortex (Fig. 27) has become better 
organized and would indicate a closure of approximately one-half 
turn. The pressure at this point is analyzed at 981 mb. This 
pressure iS within the 980-989 mb range set by Junker and Haller 
(1980). The southern area iS now showing an increased amplitude. 
A strong line of convective elements is crossing the clear jet 
area which separates the two cloud masses. This line of 
COnvVectiOCnmemposcs ID ly Ondamizea Tmto a strong squall line and 
may be an indication of the “instant occlusion" process which is 
Gis cuss Cdummeceds | 17/9)- srert eto al. (1983) discuss the rapid 
intensification of a depression following the movement of a jet 
Streak around the base of an upper-level trough. They further 
indicate the development of a squall line in response to the 
dynamics associated with a polar and subtropical jet merger. 
They continue by pointing out that even though the baroclinic 
zone associated with the subtropical jet is confined to the upover 
tropospnere beneath the jet core, a polar jet stream and its 
cnaracteristic deep baroclinic zone, in close proximity to tne 
nortnern border of a subtropical jet, provides the mechanism for 
convection to develop through a deep vertical layer. 

Pur Gmenedevemopmentc im Fig. 238 (968 mb) and Fig. 29 (965 mb) 
Shows tne continual closing of the northern vortex and the 
indications of still another head cloud formation in the soutirern 


eloud Wass. In reviewing the imagery from Figs. 25 through 29 
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one can see the development of a new clear jet area to the north 
of the northern vortex. The narrowing of this northern jet break 
coincides with the onset of vortex closure. Also over the east 
coast of the United States the development of a slightly 
different configuration of a baroclinic leaf is seen. This 
development is unquestionably in a cloud element which has its 
Origin in the tropical eastern North Pacific Ocean. Enhanced 
convection as well as Fett's enhanced cumulus wedge are seen in 
the Gulf of Mexico (Fig. 27). The characteristic distinctiveness 
of the baroclinic leaf continues to sharpen to a well-defined 
outline (Fig. 29). Yet, this system did not develop into an 
explosive storm. The absence of a jet stream clear area and a 
secondary cloud mass seems to be the only major differences. 

In these three storms the presence of all six patterns is 
diseceunl) |e. = eeaditionally, the correlation with Kadlec’s 
patterns and numerous small-scale features, which were not major 
interests of this study, are also present. The variation of 
patterns between and within individual storms has been 
demonstrated along with the variation of the patterns themselves. 

One significant finding indicates that explosive episodes 
were not consistently maintained during the entire life cycle of 
the majority of studied storms. Of the studied cases, seven have 
two distinct pressure falls which could be separated into two of 
three observed categories: (1) early in storm growth while the 
Surface pressure was higher than 980 mb, (2) tne normal frontal 
dave development range between 1000 and 960 mb and (3) falls in 


the range below 97/0 mb. Of these seven storms all but two have 


ye, 


pressure falls which were separated by 12 hours or more. The 
remaining two were separated by six hours. Analysis of Table II 
indicates that six of these falls are most likely valid dual-fall 
Storms. Storm number 14 may have been affected by analysis error 
even though the rate of observed pressure fall did change over 
the six-hour period. 

The early falls can be associated with baroclinic leafs or 
head clouds and often included Fett’s enhanced cumulus stage. 

The problem with verification of the early falls stems from the 
fact that the storms were often associated with accelerated falls 
when first designated on sea-level pressure charts, and these 
falls did not continue for the requisite twelve-hour period. Ten 
of the storms sampled had original pressures in excess of 1010 mb 
and all of these exhibited dual pressure falls, a major single 
fall to below 980 mb or a fall which terminated above 980 mb. 
Three additional storms had initial pressures between 1009 and 
1006 mb. 

These early pressure falls are thought to be associated with 
upper-level frontogenesis, cyclogenesis or both. Early 
designation of sea-level low pressure areas at pressures greater 
tnan 1010 mb might have extended the number of storms which 
underwent these early explosive events. 

The second subset of observed pressure falls is usually 
within the range which is commonly associated with surface-level 
cyclogenesis. These falls terminated in a range near 960 mb and 
are associated with head clouds and/or comma cloud patterns. It 


is during these falls that the development of polar-like lows is 
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experienced. Although the upper-air analyses are not considered 
to be sufficient for documentation, the process seems to be 
initiated by the advection of positive vorticity or wind speed 
maximum along the polar front jet stream. Of the twelve storms 
which underwent deepening below 970 mb, eleven include head cloud 
development and the twelfth is of a comma cloud form. Three 
additional storms deepened to pressures between 980 and 9/70 mb 
and all of these are head cloud formations. 

The third category of deepening is found by the storms which 
reached pressures below 960 mb. These storms show upper-level 
vortex closure in which cyclonic turning exceeds one full turn. 
The extended cyclonic turn is most often found in conjunction 
with a narrowing of the clear jet area on the starm’s northern or 
western border or the development of a head cloud formation in 
the area of the triple point to the south of the main storm 
center. The findings concerning pattern usage correlate quite 
well with the conclusions of Weldon. In fifteen cases where tne 
pressure fe 1 below 980 mb, a head cloud is present in all but 
one. Thus, from Weldon's findings the majority of cases point to 
the presence of an advanced low level frontal zone development. 
This fact, coupled with Weldon’s suggested cause for a well- 
defined southern edge on the baroclinic leaf, lead to the 
consideration of the characteristic clear jet area. The dynamic 
reasoning which would explain the clear jet area nas not been 
well documented. McLean (1957) describes a discontinuity in the 
Cirrus coverage near the jet stream core which produces cloudless 


skies to the immediate north. When the cirrus extended to the 
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north of the jet stream core his study reports often show a 
narrow break in the cirrus at the core itself. McLean concludes, 
"High clouds and middle clouds show definite preference for 
certain sectors of vertical cross-sections perpendicular to the 
jet stream. The absence of clouds above the level of maximum 
wind is an outstanding feature." He further states that the 
maxima of cloud occurrence are found in the upper troposphere 
Four to five degrees north of the core and immediately above tne 
jet stream front four to six degrees south of the core. 

The repeated correlation between periods of explosive 
pressure falls and the reduction of width of the clear jet area 
to less than five degrees is amazingly consistent. All storms 
are associated with the clear jet area. Further analysis also 
correlated tne widening of the clear jet area to greater than 
five degrees in width as marking the conclusion of explosive 
pressure falls. The subject clear jet area has been linked to 
wind maxima of jet streams by McLean. Kadlec has linked the 
extension or recession of cirrus clouds, in the area north of a 
jet stream, to changes in jet stream velocity. Weldon and Kadlec 
have connected dual jet stream interaction with the baroclinic 
leaf and anticyclonic cirrus curvature. 

Reiter and Whitney (1969) discuss the subsidence of dry air 
within tne snear line between two jet branches. They conclude 
that the dry air is indicative of subsidence from stratospheric 
levels through a “tropopause Galp.) Salmey Valsomcenc Iideaetna ty sa 
least in the case being studied, the subsidence of stratospheric 


air witnin the baroclinic frontal zone beneath a jet stream is 
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most effective in regions where two well-developed jet branches 
are merging. Reiter (1975) also attributes a cloud-free upper 
troposphere to the subsidence of air in the polar front branch to 
the rear of the combined jet maximum. 

An additional problem was experienced in an attempt to 
correlate jet maximums with the occurrence of head or comma 
clouds. Reiter (1975), among others, indicates that the 
Subtropical and polar front jet streams are usually found near 
200 and 300 mb, respectively. Aside from the obvious problems of 
poor oceanic coverage, termination of soundings by strong wind 
fields and poor subtropical jet definition, due to the tropical 
blend zone of utilized models, the resolution and 12-hour 
increments of the available upper-air analyses made them a poor 
tool for this study. This problem is amplified’ by the inclusion 
maeerc Jetsmeneam IMverdctions. Whitney et al.»(1966) discuss 
the ambiguities associated with upper-air analyses in the area of 
two parallel or converging jet streams which are within 300 n mi 
of each other. They feel that a revised analysis is needed to 
permit the axis of strongest winds to cross contours at small 
angles in accordance with the acceleration characteristics of the 
associated jet stream. They point out that jet stream 
characteristics in satellite imagery may sometimes lead to the 
analysis of a single primary jet stream where multinle jets 
adnering to contour channels might otherwise have been analyzed. 
Reiter and Nania (1964) provide evidence that trajectories on 
isentropic surfaces do not support the classical model of 


confluence and difluence of the polar front and subtropical jet 
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Streams. As seen from their analyses, the northwesterly jet 
branch seemed to submerge beneath the warmer southwesterly jet. 
This causes one jet axis to appear in the horizontal where there 
may be two, one superimposed upon the other. 

Though sufficient upper-air data are not available for 
complete analysis of all storm events, jet maximums of 130 kt or 
greater at 200 or 300 mb, or both occuRred dieaingmeoierpar temo. 
the development cycle of the majority of storm cases. Most of 
these maximums were in the range of 150 to 170 kt. With the 
mentioned limitations in mind, there appears to be a correlation 
between jet maximums in the southern jet branch and head cloud 
formations which did not further evolve into comma clouds. In 
conjunction with southerly jet maximums, the head cloud signature 
would most often occur on the southern'or right side of a clear 
jet area. The comma cloud or nead clc;d to comma cloud evoiution 
most often appears north or west of tne clear jet area when the 
maximum is found at 300 mb in the northerly jet branch. 

One additional observation came about through the usage of 
coverage from both GOES East and West imagery. During imagery 
analysis GOES West was routinely utilized to supplement GOES East 
imagery. After viewing numerous GOES West images, a particular 
cloud pattern seemed to be present during the period from three 
to five days prior to the onset of exolosive cycloqenesis 
episodes over eastern offshore waters. This cloud pattern 
consists of a long cirrus shield which crossed the west coast of 
North America in theevic i nityesowthoof scent raleCailmeLo 7 iia COM 


southern tip of the Baja Peninsula. Further investigation of 
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this pattern shows a remarkable resemblance to the "Low Latitude 
Dloee “model F Cloud cover which is discussed by* Elliott and 
Thompson (1969). Clark (1976) discusses an east coast winter 
storm during early February, 1976. One of his major points 
concerns the tracking of an upper-level cold core low from over 
southern Baja, California. He associates early development of 
this storm to" the bright clouds over lower Baja, the Gulf of 
California and Mexico.” In subsequent analyses of the storm set 
the presence of this extended bright cloud could be found during 
the period from three to five days prior to the onset of east 
GOast explesiye storms. this long cirrus plume is a 
characteristic which is depicted in the “Low Latitude Block." A 
further correlation of “Low Latitude Blocks” to southern United 
Seeaves developments and Hign Latitude Blocks" to northern United 
States storms also shows potential. Figs. 30 and 31 display the 


Growd oattemnm diagrams for a “low” and “high" latitude block. 
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VI. SUMMARY AND CONCLUSIONS 


A. SUMMARY 

This study was originated as an observational study, in 
Synoptic framework, of documented cases of explosive 
cyclogenesis. The conclusions which may be drawn are linked to 
high-level cloud evolutions which were found in existing 
literature or during research analysis. Although all patterns 
were found to occur during explosive cyclogenesis events, all 
cannot be considered as strict indicators of its presence. 

It would appear, as a general requirement, that explosive 
cyclogenesis should be considered as a multi-cycle event. The 
pressure intervals which appear to apply as divisions are: (1) 
abo e 980 mb and usually above 1900 mb, (2) from 1000 mb tc 960 
mb and (3) below 970 mb. These divisions equate fairly well with 
the intervals set by Junker and Haller (1980) and follow closely 
the vortex closure and pressure relations which they formulated. 
The early cloud patterns (980 mb or above) can be related to a 
channeled or dual jet interaction and normally form on the 
Southern or wight side of the jet streammeadseeiemcunaus. Can 
extend to the northern side of the jet axis and may have a clear 
area at the core of the jet stream. Weldon associates this leaf 
Shape to PVA advection. 

Whether the results of dual jet interaction, height center 
merger or a single strong jet channeled area, the first stages of 
Storm development are usually found to consist of baroclinic 


leaf-type developments. The particular configuration of the 
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leaf pattern is influenced by the strength and position of the 
Surface front and the major long wave pattern. The majority of 
Studied baroclinic leafs were convex dominant and occurred on the 
Southern side of the associated clear jet areas. These early 
pressure falls would appear to be surface manifestations of 
upper-or middle-level developments. Bottger et al. (1975) also 
indicate that the head cloud formation precedes extreme surface 
deenening. They found the head cloud to precede storms of 
hurricane intensity by approximately 24 hours. The indications 
of this study are that the head cloud does precede significant 
surface development by a period of 24 to 36 hours. 

The second cycle of explosive development is related to the 
cyclogenetic process. It is consistently associated with the 
northern cloud mass when the clear jet area is present. This 
segment of pressure falls may be an extension of a head cloud or 
baroclinic leaf. In the majority of cases it is depicted as a 
comma cloud formation and subsequent vortex closure. One 
exception is in the March 19/79 storm which was discussed 
eaielaer. 

The third set of pressure falls is found in the attainment of 
pressures below 970 mbs. These falls tend to be marked bv 
continued cyclonic vortex closure beyond one full turn. Junker 
and Haller (1980) found that when the pressure drops below this 
1evel the cloud band has wrapped completely around the center. 
The more central the circulation within the cloud spiral, the 
lower the pressure. The continued spiraling of the vortex is 


usually brougnt about by the approach of another PVA maximum. 


We, 


The identifier for this occurrence can be in a new head cloud 
formation at the storm's triple point or in the approach of a 


small-scale comma cloud from the upstream direction of flow. 


B. COnNCEUS HONS 
The conclusions from this study are: 


* An early accelerated pressure fall is associated with both 
the "baroclinic leaf" and the "head cloud". 


* These early pressure falls usually have weak surface-related 
circulations and are indicative of middle-to-upper-level 
tropospheric development. 


* The majority of these storms are vertically deep systems. 
The characteristic bright and distinctive patterns which 
would indicate development at all levels are normally found 
in each storm development sequence. 


* Junker and Haller'’s (1980) basic cloud pattern models were 
found to correlate with pressure and imagery relations 
developed in this study. 


* Anticyclonic curvature in high-level cirrus cloud bands is 
strongly associated with tne explosive cyclogenesis 
phenomenon. 


* Major distinguishing features of studied vortices is the 
relatively compact and distinctive appearance of the 
vortex. 


* The majority of studied cases seem to indicate the presence 
of advanced low-level frontal zone development. 


x* An increase or decrease of the clear jet area to greater 
than or less than 300 n mi indicates the resnective 
beginning and cessation of explosive pressure falls. This 
change is believed to be the result of an increase in 10Ccal 
jJet stream velocity brought about by the nassage of a 
vorticity maximum. 


* Kadlec’'s (1964) “Jet Stream Cirrus Patterns” and Elliott 
and Thompson's (1969) “High and Low Latitude Block Models" 
provide early indicators of potential for explosive 
cyclogenesis events. 


80 


Cae SUGGESTED FURTHER STUDY 
The recommendations for further study are: 


* The consistency of cloud patterns which have been 
tentatively correlated to dual jet interactions would tend 
to support a study on the affect of jet stream mergers on 
extratropical cyclogenesis. 


* The anomalous cloud sequence and sustained explosive 
pressure falls of the 10 March 1979 storm appear to indicate 
an extension of the dynamic processes which have been 
equated to the early pressure fall segments. A study of the 
dynamic processes present in this storm may provide a better 
understanding of explosive cyclogenesis events. 


* The development of the head cloud signature on tne southern 
or right side of the clear jet area can be theoretically 
linked to propagation of a PVA maximum through the 
Subtropical jet stream or the southern branch of a split in 
the polar front jet stream. The possibility of propagating 
maximums in the subtropical jet stream and their effect on 
explosive cyclogeneis warrants careful study. 


* The correlation of the change in width of the clear jet area 
and a parallel change in pressure fall rates of studied 
Storms is an extremely consistent factor. This is the most 
consistent indicator of explosive cyclogenesis 
Characteristics. An improved understanding of the 
atmospheric forcing which affects the width of the clear jet 
area would provide significant improvement in forecasting 
procedures. 


81 


LIST OF RERERENGiws 


Anderson, R. K., CAPT J. P. AShMan. Foo Es BItCt nem eo ecneden 
E. W. Ferguson, V. Jd. Ollver, aivdieeeed Sid Cae oo 

Applications of Meteorological Satellite Data in Analysis and 
Forecasting, ESSA Tech. Report, NESC 51, National Environmental 
Satellite Service, NOAA, Washington, D.C., 230 pp. 


Bosart, L. F., 1980: The President's Day Snowstorm 18-19 
February 1979: A Subsynoptic Scale Event. Mon. Wea. Rev., 109, 
1542-1566. 


Bottger, H., Eckardt, M., and Katergiannakis, U., 1975: 
Forecasting Extratropical Storms with Hurricane Intensity Using 
Satellite Information. Jour. of Appl. Meteor., Vol. 14, 
1259-1265. 


Clark, R. M., 1976: Ime East Coast Winter Storm l=72 pear, 
1976, A Case Study, NWS/NESS, Satellite Applications Information 
Note 7618, NOAA/NESS, Satellite Field Services Station, 
Washing COn mee 


Conover, J. H., 1960: Cirrus Patterns and Related Air Motions 
Near Jet Streams as Derived by Photography. Jour. of Meteor., 
18, 17 2-13 


Elliott, R. D.; and Thompson, J. R., 1969: Siypical sa cemmiee 
Cloud Patterns Associated With Synoptic Weather Types. NwWRF 
33-0668-140, The U.S. Navy Weather Researcn Facility, Norfolk, 
VA. 


Fett, R. W., 1981: Personal Communication. 


Fett, R. W. and Bohan, W. A., 1981: Navy Tactical Applications 
Guide, Vol. 3, North Atlantic and Mediterranean Weatner Analysis 
and Forecasting Applications, NEPRF Tech. Report 80-07. 


Fett, R. W., Bohan, Wa. A. and Englebvetson Rete oS on 
Tactical Applications Guide, Vol. 5, Part 1, Indian Ocean (Red 
Sea/Persian Gulf) Weather Analysis and Forecasting Applications 
NEPRF Tech. Report &3-03. 


Heckman, B. E., 1980: Extratropical Cyclogenesiseuve: tne Giulia. 
Mexico. Nat. Wea. Dig., 118-123. 


Jager, G., 1984: Satellite Indicators of Rapid Cyclogenesis. 
Mar. Wea. Eoq, Voleaezs No.7). Poe 


Junker, N. W. and Waller, D. d., 1L9SOWEctima tice o te in cee 


Pressure From Satellite Cloud Patterns. Nar. Wea. Log, Vol. 24, 
83-87. 


Suz 


Kadlec, P. W., 1963: An In-Flight Study of the Relation Between 
Jet Streams, Cirrus, and Wind Shear Turbulence. Final Report, 
U.S. Weather Bureau Contract No. Cwb 10356, Eastern Air Lines 
Meteorology Dept., Atlanta, GA., 52 pp. 


aguleca, Po. W., 964: A Study of Flight Conditions Associated 
With Jet Stream Cirrus, Atmospheric Temperature Change, and Wind 
Shear Turbulence. Final Report, U.S. Weather Bureau Contract No. 
Cwb-10674, Eastern Air Lines Meteorology Dept., Miami, FL., 34 pp. 


Krishnamurti, T. N., 196la: The Subtropical Jet Stream of 
Winter, J. of Meteor., 18, 172-191. 


CGistmanurty, tb. N., B96lb: On the Role of the Subtropical Jet 
Stream of Winter in the Atmospheric General Circulation. J. of 
Meweor., 18, 172-191. 


Mebean, G. S., £957: Cloud Distributions in the Vicinity of Jet 
minedns . ss bul.samer. Met. Soc., 38, No. 10, 579-583. 


Mullen, S. L., 1979: An Investigation of Small Synoptic - Scale 
Cyclones in Polar Air Streams. Mon. Wea. Rev., 107, 1636-1647. 


Oliver, V. J., Anderson, R. K. and Ferguson, E. W., 1964: Some 
Examples of Detection of Jet Streams From TIROS Photograpns. 
Mon. Wea. Rev., 92, 441-448. 


Palmen, —., 1958: Vertical Circulation and Release of Kinetic 
Bacbadyean tronics. J. Meteor., 15, 271-277. 


Pope, C., 1969: Winter Cyclogenesis with Tropical 
Characteristics Over the Gulf Stream., Mon. Wea. Rev., 96, 8od/7- 
Be): 


Reed, R. J., 1979: Cyclogenesis in Polar Air Streams., Hon. Wea. 
eve. 07, 36=-52. 


pemevetmeee eo aes 19/5: Handbook for Forecasters in the 
Mediterranean, Part 1., ENVPREDRSCHFAC Techn Paper No. 5-75. 


Peters. ke. and Whitney, L. F., 1969: Interaction Between 
Subtropical and Polar-Front Jet Streams., Mon. Wea. Rev., S/, 
432-438. 


pleceen emer g79-) Tracking a Kiiler Storm., Sail, 10, 106-107. 


Sanders, F. and Gyakum, J. R., 1980: Synoptic- dynamic 
Climatology of the “Bomb"., Mon. Wea. Rev., 108, 1589-1606. 


VeCommaeieewewe Kocin, P. J. and Wash, €. H., 1981: The 
President's Day Cyclone 17-19 February 1979: An analysis of Jet 
Stream Interactions Prior to Cyclogenesis. NASA Tech. Hemo, 
82077, 84 op. 


31 


Uccellini, L. W., P. J. Kocin, RowAs Petersen aC 9h enc ana 

K. F. Brill, 1984: The Presidents’ Day Cyclone of 18-19 February 
1979: Synoptic Overview and Analysis of the Subtropical Jet 
Streak Influencing the Pre-Cyclogentic Period., Mon. Wea. Rev., 
ize 3 1= 55. a oi aaa 


Weber, E. M., 1980: Merging Height Fall Centers - Two Examples. 
Nat. Wea. Dig., Vol.5, Nope eer: 


Weldon, R. B., 19/77: An Ocean Cyclogenesis - Its Cloud Pattern 
Interpretation., NWS/NESS Satellite Applications Note, 77/7, 


6. prs 


Weldon, R. B., 1979: Cloud Patterns and the Upper Wind Field, 
Part Four., Satellite Training Course Notes: > Anvilicacions 
Laboratory, NESS, Wash inqeanmeee@.. oc pp. 


Whitney, L. F., Timenalk, A. and Gray, 7. I., 1966: On Locatimng 


Jet Streams From TIROS Photographs., Mon. Wea. Rev., 94, 
127-138. 


34 


10. 


INE TAL DISTRIBU TONY LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943-5100 


Professor Robert J. Renard, Code 63Rd 
Department of Meteorology 

Naval Postgraduate School 

Monterey, California 93943-5100 


Professor Christopher N. K. Mooers, Code 68Mr 
Department of Oceanography 

Naval Postgraduate School 

Monterey, California 93943-5100 


Assistant Professor Carlyle H. Wash, Code 63Wx 
Department of Meteorology 

Naval Postgraduate School 

Monterey, California 93943-5100 


LCDR Dock D. Williams, Jr. 
Scart Como lx THFLT 
FPO New York, 09501 


Commander 

Naval Oceanography Command 

NSTL Station 

Bay St. Louis, Mississippi 39522 


Commanding Officer 
Fleet Numerical Qceanography Center 
Monterey, California 93943 


Commanding Officer 


Naval Environmental Prediction Research Facility 


Monterey, California 93943 


Commanding Officer 

Naval Eastern Oceanography Center 
McAdie Bldg U-11/, Naval Air Station 
momnolk, Virginia 23511 


85 


No. 


Copies 


2 


eit 


eee 


1s. 


14. 


is 


Oy 


Pe 


Laie 


ro 


20. 


Officer in Charge 

Naval Oceanography Command Detachment 
Naval Station Charleston 

Charleston, South Carolina 29408 


Officer in Charge 

Naval Oceanography Command Detachment 
Naval Air Station 

Willow Grove, Pennsylvania 19090 


Commanding Officer 

Naval Oceanography Command Facility 
P.O. Box 85, Naval Air Station 
Jacksonville, Florida 32212 


Chairman, Oceanography Department 
U.S. Naval Academy 
Annapolis, Maryland 21402 


Commanding Officer 

Naval Polar Oceanography Center 
Navy Department, 4301 Suitland Rd. 
Washington, D.C. 20390 


Director Naval Oceanography Division 
Naval Observatory 

34th and Massachusetts Avenue NW 
Washington, DC 20390 


Commanding Officer 

Naval Oceanography Office 
NSTE* Station 

Bay Sts LOuUTsSmeiemes 522 


Chief of Naval Research 
800 N. Quincy Street 
Arlington, VA 2221/ 


Office of Naval Researach (Code 420) 

Naval Ocean Research and Development Activity 
800 N. Quincy Street 

Arlington, VA 2221/7 


Commander (AI2R-3/0) 


Naval Air Systems Command 
Wasnington, DC 20360 


36 








DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOO! 


MONTEREY CA 95943-5101 





Tae | 2$2 S34 
W59741 Williams 
@.2 wtat.zation of satel-— 


lite-observed cloud 
patterns to improve 
analysis of explosive 
extratropical maritime 
cyclogenesis. 














. 
- had = os . 
= 7 ~~ ¥ ~ ad ~ 
~ 
ee = Se ee = Ps 
- - - 
= = a om = 
~ oo” Rm s e - ~ ’ 
- hae - - © + 7 = . . 
7 * oe ~ . e . 
-- * = ° a =e ~ 
Nhe - we ~ o” ~ a a me ~ = - ~ . ° 
« mp teg . eS - < ® ° ~ a ° ¢ 
2 ~ _— Fe ae we . ” , Mod La 
7 bd = ~ * . ~ 
= =*% = = x Ro e oye * - ° 
* ~~ x = = re ~e - ° _ ne 
oi be a ‘ : ~~ e - Py % ~ Pa, } e n” ee - A = o am 
a ~ * ad ad = Li e. ¥ eo - Po » 
- - 
a < ° es == = wees . a s ww r ne ra a - e # nat ei es pars a = eae ead amet 
= on e - @* a Ye — on e : - . o te el Ca ea os san © - - “ee ene = 1, 
“oO ~ oy. eta oe = Real ce NaN = ~ ~ ana « ~ - s ¢ r: Z pa e we oy a, os oI sare lid - e on cos . <i _ ee 
ae “ ~ Se othe! . ae = a: ot o aa - * . a - * as - vals i o 7? or - - aa is. 5 oleae a 
ae = aa os ~ - ma . ys ~ ~ ~— _ — r. ~ aes = ” . a sk - - o* ae . mane aah =) pap © 
~ ~~ _ or - ~= oom oe 
= Searels Fen bs Oo =~ ~ ~~ Log - . aoe © oon a ta ” - - @ - fe ees ingen ~ oe proven pe bs ne he ie “™ 
ss ~~ ae . - . ~ °* - . “a yo v - as a > an ot cae a a — nn hae o om ~~ aalinad aaa . : ra ais 
ain ae ponte : aot ae called 5 re =, = = an -” ° © ye *. cal a _ “ 7 + a - ow om oad .——" e-r o° no nee PS _s ra a. ee 
- ee . ~ ~~? s+ - ed . ba fnee eer e = '- Be o ss 
<= =°* =a = Fs y= bas i = Pa ~ sue Pn Td = - ~ x on > oer Le ae ¢ ay - - acne ol ed a Pa eset hela = e i PS rad ao EC) ig s <= —, 
= ei * “ ” =. e% ._ = = “ a Pall 5. mes AP . P ra wee é ae ae - clea = fe = al > we om om te ae ~ a ee” ‘ os be ew 
e - - « - a . a Eo oa ie aad a 5 i : 
~ ie. rs ° i aut poe ws aa a * - ee cn oo a i aire re ° we Pace Pp ae eee ne = aaa ee -- Sea 
es I Boab = CN Pons re ims a . - - r 3 r r = ™ ” ” ° - 27 =f w ae - a a aes 3 x “apa altars =~ = G= ee Ee ~ - Cee ae ~~ 4 
= eS - =o . - ° = ¥ . a — ad ee *) | aww 7 * ign age = = 
a ans Re dere a -_ > ~ a. - a “ a # + Cd ra aor. a on 6” Le fe wll : See ¢ mage eM trad - “ - . TA, ww ee ae + ee 4 ; oe 7 ae 
° ~ = - a of e # - . ow - bd - = <6 = Saad wow 
a BS ~* = ee - -* 2 bd ° es colli -- - a aa atalll or - ~ mor ae 
6 es Les a ea . yuo ”~ . . 7 ” - bc < =? ie - Pits = sch oa ple v8 PES = Ge = pc a Pe all oe -77e - Se! gi eee ope ree 3 een 
ic oe =r” ee ee Z il ola Se ues % - ang Ne of rs : “of = @ ee ie esa oN se gs ae sees - at pee — eu © -,.3 - * Selet Sonal 
™ = =a-™~ itd ie Nd Ww al = ‘la = ° ue - © < oe pad 6 oe er a « ee es oe 7 oe ae Oe <= nes es ~—_= - pe \e > 
- re a = nee ain a - . « ~ ~ *e5 = ~ ~ a ss ~ * a . $ - oe. ar - ee he mn OT = aie = ri es eer a aon ol — 
es = 4 7% a Rear iame S een ~ ne! -= és -_* Ms bd “ ~ as os 1 - . > a a os = foe * ¥ an o ee nen © on Siedeos ae oes Fm eo oe ee ee - <7 (Sa. 
=" . , : ” « - -- = 
era —- = 3 “ eee os . > ae a new ast mo hs rg a cian -_—=- xd en we 6 one an) abo a er gyn os een Paneth air os = ait 
) = =e ame 7 * eon OHS aed oe = — ra i) ~ i i * perils Bree Cy cepa! = a one or ee eee SF - = ae we os wer oso ae mae 
a BOS - — = — oe =" Ce 7 s ar “<6 = ’ - ~ @ , mn 7 ay i: Me he is * i ve as ae a te = Ps id ne a eta AP Om = 5 
¥ Se a ee ne ire -* ~ ~ ** aa ° ° Ci yo ty Ut. = as ™~ oe lll ix aes a a La - ~~ 6 ages oa + ae — eecr ere — Lager 
af 4 = - = é oa m - 
ay = es - ae ae eS = % as ~ as i = oa a « 5 we - ow shed ve af “a o - Bes r ow cual 3 og ne Pe eS “e 2 oe wo het me i a ted 
= aoe ~~ aaa waa” ° = aes ad Ss Poea™ > ~ oa a ow - * i + . ” a se se on o a A _“#* . : - AE ee eee ie ue Sa pignal nage a) soo -~ ~~ or oe ie 
See ant ee ~ oe eet ny ~ - ore wen . es = oo me Om arp owen ~ - — 
=~? ~ - ~awts% mh Pe = ae a = “~ - -? + onuee er cane cad al Pa ed ~ ao & = ae Om ova? 
« — = — ~ 7 = a —ree ew alee a - - - 
- tat ae ~ ee See ar GO EE x a A e a y al ? & ae * aes y ad * ed -— . e = - were us ain = Life ar ae at Rs p wae? —_ 
ar ast =e — Pt - ~ as ao” —_ eer ” - ~ ~ ~ ca al Po Fad ef aoa - = ae F ad Cal ae cng aa pai oat Pe oe - on e ae om BS aon Jape sees awe  e = 
Cat +5 a ae =a 8A a : - - as : : _ inal a nek Cee aoe ee oe ey ag old we 
- aie a ~- oo ee adn te ~~ ae “3tr* . : fal - a pe y é Bo ae id ae ae - - . ne wey ne cP" «- ¢ =~ 2 3enm * . werent 20a SO eee sia apap Le ee =e a ae oa 
? ae a A Pe ele ~~ am > 6, e = ~ = = ° on gia Ame a pis, Ow’ - - s ap i al - re a aad = weer © r - Orr a re -~ Po ou one oe ore” aieae ee paslire che gg agg 4 an = — 
~ AQ aeae™ "ta A te - a7 = ~ a det ote ere ba = “ete as are . a a+ 2 2 et ad - ” - of TN casa aug s ap ee aa * Gale teeee 2 oa Pe eo pane me emer aoe > wey orig = a 
ane ae ~ a ones ~ mm orn ee = Soins! <r ee mn cs > a ~ a ~ ww é ate ~ e - Pe eal = ri Serer a ~*~ a pape: . wraesn = Sf * ence wee apap tiedl Poked i ae es agen oes irs 
eee’ a> o ° ~ yt HOO = z : ; - ra . _ - Pree a dex py PA = ~= oo 
¥ Ge ge Gay ee a ae ad -.455° or; -~" ie id a % x . 4 a - i, a ‘ a ~~ wr S ont mm rae mess er Site agcae= - ? Lads ae =A eal Pre Sea apse ” 2 paint penn ia: te apes hseessis 
yee wee a . 7 & or ~~ anaes a wa ~ --* x se * ae Aer # ot ms :. = asc = ° aa Lane ae apes Coe ith dashes oe eS LPP a a ochactin iets nts Pe ad emere ~ Rian aera See aay a en 
a ne ee es a”? aes? = we ws = oe wee oe ge it OO Ee re 7 of ae a 
mars a peers ae mee ge ine eS ee om os ~ . am * in oi 4 4 ms aa es , r ° + taal ne, ees CN gn owe * ° =e a feore we ere oe Ener are pps aa ees page ad tn a 
eye Se oe pao 7" woe = ~ eae et ~* s* ey ate te nm * a ry ~ s al tat * a bad . arte one or oe =e arog a ey ohne Shek oO - ? a on - 
qe Qe a qemeees a ry mae ~* Po Fd ee oe «+ o or ° - - wr orm Tew” o ° cae - ewe ¥ moat qian 0 Aa RO SOT ~ye 
Sas oem, aa om ear Re ats “ Pet Pm = ave a - : on Con — a - ern age ano ris —— ais ey et pal See none - eT at cag TT ae teen 
a uae” ”* ~~ = * = = ; ae ° amet = << a -~ a de 
gots a eae ™ aes ee SM eet 34 ‘ a ie =e Be e ay os = - cee un “i - ae: ae : AS _ ip sg valise Ls af =e me? oe ee ee eee “w= - wearer a a age pe pe ne. oe ~ 
a - te wr . ~ 2a + =" ’ . = he © now sete e —_ funda 
~ ~_~ 2 - % ” % - e 4 © - or ee & 7- Ae * eer ea <a —_ . a a 
oe ~~ Spars pera Os Soling ee Oe ie ~ .~ ee ~ e 4 ~ = 7, he ast? md a art me ee Sores eoere <9 ate IO EE hte ae po pe mag OT pe, OF nnn so” ~ meee 
v2 enemy, a te ~ * a © ~e owe ™ eee a*=* n~ a* ao on™ ~ baa ie = hc fan - eae ye - = es rs o pe pee a ai a wt Ptashne no rape er er al et ae ee om st TT nity OO yer yr Sonam 
= anno See pe ee =e lie ahr: mY age = a r ~ ~ © oe . aye Ps Pa ad er oie OS, eee on, aes Bee oor Leccosaaeging ee eR ee Oe reer ed ee OP os ee HO - PS al Sse 
are da oe tote, ee qa ~ is bed antea™ Ww a ae Panay . - are a BP Es = = +e z ma anette on ange ogame OT agate & ome ee ee en a po go rates yn pre aa wn 
Ben aa Oe mee we a eee ~~ 3a* * 2am ~~ Ar aa - is ~ Soe as sdslees +. . aha 7 ae oe pas o 2 ” on raesne & wom a aeRO ~ Aen a oe a cone ep oe oe ine thee Kanes 
an ae — ate’ “= aw” o- ooo” rae ere bd oe ip sa * ie ~ ~ e Geen mp ar ~ ee et eh hb tid - . -~ a dete oo fae om wpwew apwPre~ peor PEE DS Lae tere Safe SO — ‘= = 29e 
—= --*% enn ewe a” ewe ™ ae Spee ~~ eae’ ie oS aa Pe noe ye pe Ta te 2 . = Pn Weed . ‘4 we pee OO one ir wr ene! PT as cme 2 ne ae pees en Ot OSS = an engraan Me A ~ or. pane ere ee pee nt 2 
. ° » . P ” J <= 
——— ey vere oes eat 7 eee Ne > ae odes a> « a a - . * re ce pur one Ree eee o a x ger Pe ey ya ee PP, taeda on San Oh OE ee pee © Mt aoe oF 
SS ara oonsqret en ™ ns Re ee ae as Satis er . w ; a ~ ° nm Fad 7 me wre cnn Fe 0 a RPO a Seat os beef EP s in eae at ete Meee apy ee Corton eae ee pee ees ee mre OO = 
—— 7 é mAs a ater eine e + = r , 7 Saw och ae Ree Oe pe ge eat aa We (ats erro om _ aon ons 
——— = >, ST tote — oe ae gta ta." HO ‘oo ae whet ——™ 2 ~~ gage tlengy cigs oe Re i ra : ‘a fe at PF tad a - <¢ “pn ae ze je oe seo a ee Ce rn pee pee OO wn shee ph Sal? PLOY ~we ° = =e - iv pape =< ° eae oe 
— ——— ae Smale ecu quer ae 1 Se i Seen ~ SS z = oe - eo: « roe & a np mee Po ao ca a on igs wate Oe eer ee An rere pean we er OA age use toon — SaeanN _podad ee AW A = 
: ——__— Sh = eee cal CO ee SO te see SO me Lhe sagt 8 arr 7 ie, a aN oS 464 Nee ~~ if - * ae - r re YS A ee i 3 en aon en wu LE fe ommne Ot On LE ON 2 nw sini Oe a mre oe eee 
———_——___—_ a eye OO Pa aR oa ah les vee * ae we Ae we cg sne tye een ONG Biel cas a Sues | Dene ~ . as : ; Co agli geet oe nat pee an OFF Se eek aR ee ee ar Ogee ae OF ~ : 
——— m ep iad . ee « ~ ad re wt - waa fee Q ene en Pe wee a pan nnn Ore ane owe ee at eee cage oem FT - 
= : — an beste ~~ 2 <= mare™ eee ae ayes tee ofee Se === * pag ~- © Oe ae a 4 P - Bie pats emu ae ates . pol ee 98 cee INN IN A ad POPOL Ln Spee gn a a I ON Oe orn Se + ow ota Spee 
> — a = @* Cael ‘ah rd a aoa oo tw aware = ~~ . an . r bs 7) . oe , wane ew et ee er oe i ai . 
-_ hb aver ae fea ~~? - a ee a = ° = . o i Ge wee oe ae oF -— a = - ms 
xc — CO E Sso- peat eer ne ~ . ees ~<a ~ oom ~~ ves wr ~a- = m. » Aare nee ae es - an = Se eel 7 da -_ * * ee oe we ~ mM keg rowan ee mee se al neh a Rene om A ONE a dag fee? ee a ae panes Feet POEL I ee pe fae a pees Pate 
F ——— i. asa rr ae ~o- ~ am a ae . am A ® F el + we na =& ~% 3 ape * é ‘ aH —-  ateadl _ ee ” . ow dag Pon 7 ek ose RP OEE oo Gus men ee om Ore om er O jpn arte aa plberstte Lape dake 
— sume . = ae. ~ a or , daa d -- — 
<< m > Seen ‘aut NOOO secre ae oe NS eret syn oN pur® = oS « pain s = A, = vd ee id = é - - ear ee Cs Ce ae if pmo ne eT aan same oo auer atet oD a oo ats A Owe OOF can ubigte el o paren TE me 5 a 
m= pel 5a a poe ett a wee wm Be mete 0 Pe as th coil e . aoe * tye ~ am at ~r ~ e - a a i - ie a ae pe Legs iS per aren ee ae a oF gteroe Fe erre wr ee ed awege Per ee age og ae  - ar aah pee’ esha a os rae a4 ore 
= id @) - ye Ee pee. ET Sasa ee Of ae NON awe ® a a aan .- hy ee a ? Pm i ) * oe Fed , eek a or ed so fe ete Pen PP OTT Take oper 2 ar ae ners wit Soak eh pe non en = ---— ae 
= a = Fe ells a ene Aad eS ~~ ee aa <% “ — —_* =~ ~ re ne ete, . r © oo . r hes oo ate = Ys mp etar wae Pe ad ed a She ec chet ce Sa or a es paprib é Se eee bape eye ie Th = 
ar a LO RS = eee te awe ~oe omega * a we ay outer rw & Bata OTe ee aa am = we s 4 re - %& «, faa S —_ or & tid preene™ POO ce eee wane <ge weementn om pao Pe PN 7 aie os eT eee ee 
— - + = og a - " - 
_} ene eNO ne wee? ae ee NE OS > to 7 eyo? angrs* = ee Ws Lad a. in} oes wy . L) ral fee ee om — FF wt aac eg PF pao @ os or ore He ts eodentindl Od ane ning Haan POS OOO ee 0 pga Oren COOL er eased Bs state — 
_—_—— —— | om & anne OY ns a Ne aa rere eh Oe +e om We etn OP ng Pee 8 eee # Re fm, Me a we ad ea pes - oy ~ an ~ ar - PPS We candid - ne a . toad ad qn eo ye aw? ee Rare * agar © ee eee oe OP Stace a esa: we ee ee 
< = — = Cgatn 1h MRPOINON ES Sno Sincere eee Oh fuente or a A Peete & Fs “ a Te ee, te —p ow - - Pe GOOF ON ae! atin a aigh one + * a : fal alain Pod Dordt = Oe FEL OOS, Se Atal ene om ee & ae kat eee pmener YT alamaindl OE nn oe Ne POTS ON ne gr 
— fae) a ye ree Sings oe te rk AS Se eye Wee ee wees Ty eae Bem? BO ~ = te ov = = ow 7 ° 5 Ae nee ene aes oa neering é, ee sepa ee eh fen serene wo we A APO Se aaa) anadrebani OMe) >See pay NOE cecal PO Sie ret pen opt eH 
O PT ae 2 ee Sg sete Sn a rr a An tae aS ._ ae ~n —es - i o oem Par TT. aga: ee neem Dig a ao en AES FA degen ee One nO a aeons aan pre St eon x 
. Se on) at at a oul a ae carat ane arene Tg) ey (ee Saeed eager © mao oo RT er me = we 4 * Md 2 s a Cae ae phe O meteor Oo eer akan Sah eae ee ee meant exe) (tae —— LR aps Pe One eg oe cnr PAGE Sena Ne ret 
= « arene » oe eT TS paren TL Lee a aye Serle te © a eres oe WHS apn Ce ely ii an are sy mom NE Be = 3 she Oe Sih ae ee POP Ge ome nies Lead eh PLB RAY A ne oe GR ne IE Ooo eto it ee oO TS eS ore OO Oe ape note Len apo ~ ahh 
= —= © gee TO yn eee ae cage AO Lip RCE ait Sareea ne Mh pe ee -- aoe" nt © yee oe woe Po oa oe a nme ee — - * — ao es 20k PT teed cea & Py ene OT ntti estes nela oe 3 ene eer A nen one ip meiiabeagal rT aga 
a aN ta te ea ane as er Ripe yy Ch had Se yy fee ee wrt fe a! Farts A, a . * Yd at Ov nee CS a ome @ BF PRA es Oe ey er COP oo oer we © ee ee OP moreso Ae BARE. Oe ee, ee Sr ata ad ree 
> 3 Clap ar* NE np ae OL aonaxoa™ o™ ~~ Ae ™ we aeuretsre we SB AENO® ame qe rs ~~ * 4 Pres ero Pultor * > ~ set ope CP CORE F* on ae ge Pte” soem FF © Sage mapeedt: OOo pee aoe 2 ot = aponeny cnmen een ao IOS raat Ae PoE eae Poy ee - 
————— Pad eat OES ney me Ee “dla te Svs ee eetetn ee aay Oe Ce ee os Aes arent SM - ~ ar» we, wn Se e poe oe Nee oot Ct ee ee oD FL IN rr Tl . Snapoe on Le- Co PIPL ae = i heghaad — d ee 2 ge OF INS aaa 
ud ——— + re opera rg aS Se am 4 * m0 te ry oe Me EH oy Se aw? - * & — a, en a eee orm gustan 8 % ches ° me aes =o Fate edd Pe pers eer err ee Pe ia pr Per a” Pe wns oe co ipesen enn nee im Oe one = Ao ON ge cree ee pO ogee 
——— a ™ ~- = = . : - nes ¢ ot i 4 f . y a ad jo wr - dae © “ a = 
jI=————— (0 nr can ee ee a oe cake eee eo x Pees’ a er ne ps E - a £ PY ere a = oe ae we Cpe ne OPE. ee aa tied ee OP poner? Seer Deedes 9 et ee ade COT By spent eae eT Tar oe = 
Q= ———_——_—— eS reereane aa Pee ae we oe iy id er ae =m < +? ar monger ° aed - on eta * ie “aed wy Sac - ee p jones awe ~s wre ¥ Ae - £ ee wre a see ce OF pred wes $i a ee SP eee OF Pay ental ve om gaat emgrren am aaa A Oe aaa ae owe pee TT Lait’ «eae eae m Se ewan “5 ee 
= eed ae ae poral a) = wa aa «8 A Fyey were Pe ten) Staal a. ae PO se bait eed me ne Oe ~ = 7 =i Dapp art ores ait Aeltt Pye een ates gre come Pil i ape eae ek 2 ee par peer a OS oe er cP Cpe ge ow ir Lee oe ge DO nah core OT Loe char eS png - en a 
-_—*- - eee sine Rep ty AOE PE ~ anwm ~— we e t : te : : c ‘ . bs ange - eoprr Fae Pee dae -“ oo . - - 
- awe = wee} 1 ewe oe. “ . ps 2 \ acaba ne on nL ee an ane 
aa WN z eee Seaeet oeete CE . eam AE wet tet ante 9 tee ane oO onan Ae rae he S <a aw =f P - re ea Saws 2 Soa ee i i? we ne 7 wee he TO ee PO os ala ie OT Pe aor of nt Teen oF FON ee Pee POPOL Te eine mel eae a oon Campenni eee 
= See oe ae SO ean * Qa te SS at, wae = OO GE TT ee mace Bee te te ™ ene = ee se bape “a - op eae oe “~ ers mk Oe UM oe Apne oe & apace one ee ONT F =e nde grocrpocts OD Fi TOE we cea OPIS IIe ips SF pt rrarenea - re ae de 
= "> Laptian a ~ ene mp Aptete 8 NSN ~ sree em oe) = re eure v <= o re nr ng tne eS el Pur rea ow" ao = Sere ee eraaesrs rer tieipourer ene Oa ne PO ~. emer me eariyairernd = me 
a deme oe rete me * 2 OO I as em w®& t . ~ Og ale AE ae nfs tO - ne + ae aon =r a rte pa nec cite eaS 
= ome eam a . ~_* 1... a eee SO @ tet rane 3 ae =e Aer * | “ . ° xe ee Py tal aietied Cee ee ae our wept et Here? on coer oF aM om, >.7tt " * 5 
—— ; A ee nen OEM er oe ey Parity te Tals ee ed ye ied a zt = Kou : Fil we ew matgne Fe aw eae or ree rar onal ppatreea* eer er nse aopnnermenne a 
C9 a EN ete pee Nate tahiti Necayre mpere 8 eee ee (acer Rare ea ON 4 Oe we a par wenn ge a on eter ante A - A pe OT ee Sap Data fe of fam ene OA er SS ed eget PN OFIT eeeraare oo pene ae se. oe merene™ nent goer yes aa ore 
Pe wets ~at are e 5 ‘OSH Se ate et » maaan ne apap er i ee “fo ee ~ pine . w-K ad oe late ™ ae ~~ *» ay an p4 F and Sass hg : ee 2 a. pes “ yng e ape a ate IS ee = athe aber onan oreniret sn 70 Oe youn Pee wnh e OL age ee rn PT we ear al age nes er - 
ee Ee = £ ¢ - =o 0 om oll hm are * = ss a] i ne dil a + we «eee a ee at ings er rae Pee man Pe ee ae 
ow * oy ety HER ere WETS an Mally so “ - : : P D stiedarl a <ohige am eee OS ttl Maree nmrer< ota pn aay et = , 
sss SE eesaeen eset ae * 9 etree? saggate MTU . +A Oe  itaialiedl wrt ae ware ger an ee OE + engine e Baer ye M ata a= we be == a - Ss Se a oa wep ps end Ae OFF Avene way Oe OD FO eT saan’ gre eet oe OT OOS gO OOE rene as — Sas ee noe 
ao" =u Ce ee Or ate OF oad er tee nt owe a ay om Wate ae ety SHES were eres Hee" em Me ot es : . v w~ oP Ts © ce 1e r oF eee aay ee wv ee ill epee ne oe Pr anda Ee ee oval one = earn cece ye* nated 
Neen ns Sie Spa a ne te EE ~r wee = wa meee A NE ru, re & i rer more Papert tt Sree oe te ad i we tp el hs en Pe ee er es me nde seaeaais oe age we # PP) el ag RAF a wae rr Seat ee ene Tega pre an ene pyrene yes 
aye & -s . ae We . vee Te  ) loins = @ % ante * ee rete as "Nee “' a a ed we ee or a - pre weer beet A peor ee me & Pe Le o #8 o oe go BMGT Om 
. pry bee . aks aaa ~ " sapee’s + : wre 4 0m aap Fook ee” Syn ee eee ee tO a on Onn ree nee sbyae 
ia ptr tad wwe ue © pa a aati et aA eer a 7 we he wy where wee dg ty Se Pr al i > 4 fai vee ves ee ean = a i a age Tere - Teo —_ Nice 0 Ut er OS aot anges 9 of ee re a pee - oo ee a 
. . : - cael ee PO ze cea OPI ene 
* 5 mae rete 8% Gee to outer wn ar . oe —— ™* om fon o wy “a * Pal PPE ~ awe # <i ou RAR ~OE™ ok ld elie ee eh fr ee ad i * aS e s a pice paar dna AO” 
Me rants we, Se AEN a” ee Ot Ree Meth . mah oor ne we BPO LE ao pent ee ee ed 0 een a8 FFT: ae wr agen lace ee 
Spe ie eens ao gen err 3 ~ ieiren aever™ * moh =¢ ow ig id ae afte Ot oe we Pot ah SORE. OP o # e tpv es ee mere a SSRs eee ete asf ba Fe to rp ae 
Mercure gate oncw® ? ? ay ae RTS TEN OEY ow ied - c ar awn oP FE ea An” a POET Teen Fa caper oer gaan oO = << —s 
we rN i, dca ateoe Ww : a fe a ote o~ ae iy —. oth pag ° fom a o oe air pod wm & Pe a el ove at PF apt Ors x — po a a a POS se pe 
; Joga sae kp ei Smee r® weet rere hins Se a Pe ee aes a . at we: PO ag . saleaihalitel POO dang PT ot etal wor ee a a grr oO renee wo agate reer 
mgt HN OW ay et es sqhegat ire Neon? 3% ede ETE OO pee ca? Sy tafe Ae Ath RI OS = egress 08 WN awe a wrt to: — Lapel er no me ere foe ON en or eS IF wink Peers SR a oe AP PPP FU FS Pi a ad Pare Or PO ea ang NIE DES, ats : 
P 2 - i 8 — e > rn eet re a en Ok ena cesar PPPOE 
neorrre™ eS eae en vey arere SP FSAI TM OF Maes PVN a et Pein =8 om eA yt LE aay ON a my aS wn oem ow pt Capa ” BN AS tena oe ~~ sp ate hs Cates md Ane ee po nthe Gh GF OVE FONE foabes eve pane’ s pi ate airaigrding COP ra Sie oe ore ct areca Tr hares ee pe 
ee ae pel aerate eee me corte “OF! now um, ee ote tae > Se Pa aaere alk sweets A ~* ee Pee eee Pe ead ame ere bis : * ee a 7 rd ee oor fue Se de fn PP ee lid pot -e ows ~ee oO et OG pore bee Gt pain LS cael ual we ew we eatin epPrene 0 ag poe Ow ne age oe eran yee aes Aare 7 en meta PIO 
Soa amen ener tee ee eo erect WE war eee —\ Ph eS pete oe 5 me aEEY yee oe os oe ces aps peut F me ied fe dia BS =o ~y >. Pe: * ae Sls. pr Raed a ge pp In ne pied angen’ or Grr Pe PoP er’ o2 enceow oe PABA OG F vo PO OEE na Oe penn ent CS nt sad me OT aan =< atin 
: ee toy Ja ere en cart ee? ~ et A recs Ae “NE a eat oe ae . orn ~ r= foo iy? ree Ped oa wd ae FOE o8 08 et oo alge OR MUI T SO wees at OF ee a ee teal 
awe ye ee ae SEED ee ens Salad - : - : gna oe" sa o-- woe ne eee 0 nee nl ONO AIO Shas coaage enn agra 
0 Oe eee ee geet ne et eA NEUES testa: ORS OF ane See ee amet —— ae phe ae “a aa Ce we Ay Ss oa fo eee __ ee =e ee - no Segre a if es Liat chai pair Se CS pp res went ir oF cant? PRE 3o IR ve gr etor eek! ON © wre of one terreno an “we = renee 
: Ser a m; aware cen eee arent are aes 2 HO Ne A" “~ Necture Tyee Fo Se Fa 0 Beas grehin > aS At si J siete . ; : . a = Se ape ot atin ares PP aT a Vo eer reenter weno! SES ger 0 OTE pny nS ange ae ; ; 
eee ee ett oe ney pee ae ocr pn ae EN carey NT pate ROT Teh a ate ase eI ee we pee aan a ayers Ae 7. all Sear al pcee Eng er el PPG OTROS a etree” Met ALN OOO DOO SS OPO ateind a pn amenennese ph Gente POET ne gan we apron ee —_ 
Aline Sah Aenea eer) guns wae AERO ON pouty 0 wt wee eee Oe IO nm * are RAP ELE © ach ere tad pr oy . oe - ies ~ le a ; a - ’ fue ae cpnesiteldl ne Ae pe 60 a OPE won 7a Oe lle lial er 2 aaa ga eure wanes por OP TOES eS gat ete SanS anne 
Saseeanne a tats 8 oe oe MEE neve eee _aeseeee nares eee eH, OOS non 8 EN Se iced vonet pee eer Ne NN - “an se eee ae = Age pe ee oe > a, caper age pes a = green ACPO eee an 8" © een POOP eI TIME ELT eee aes OOP OILS Se ES en earn arpa errr 
a A f . ¥ oe Dad ow é ¢ 7” “ : itil rn om mee wre eee & oF pagide & Pe F adel w Fw tt 7 e' ~ “7, e . oi 
Sere, ~~ pose ree ee ove corumisn*t ny teem FO MAS ue mya on raelgee® 2am ~~ mone Aer ~~ Adhd ate aot’ a ~ nga ‘- p2 ao - A < oe a dal tlre Oe esarietilr oPG rye agar nO cdatoelyoird arr ee aeitieath a 
re we ates ow oy tee OY 7 ee ae Sopa at =e mg tyre wwe Ore eran ee be ie 3% ead ae arm wow maar cm! rer Tad aati wpe Ae Py ae ahd whe se! ey" peer Or rr. ae f oi 
Sean twee oe ae NCEE ry miewne® gs, Sy a pe rE Ee : , : ioe. ar ad ol hele en ran ae nnn Te am — eae Cane OPO OT ue? re LOE ; 
ee eae ena BOS ewes mere et maarees aad eer nce oY oe Pe Seddatinl ey Fe ae Os 25 heh on ONS negate eves aoe 4 ye a v ay aa « 9s ~ - oy a ins * ar aw & Pogiet Pe a] owt ey Fe preg & wage oes OF pera et dl eetsbe me enw ah heel Re PA inate nen Rated ror at ott aut pees 
eee aan anata 5 aoe ere weaopoe! BER eN we omit re Se ae ae ahs ae ~~ ag Bi ar ng Pores ~~ “we” wme ve . P = we 4 > we .. ‘s Pa ” Mg Ore we ’ ii a owe? badge Tg po Ogi arw arg ewer ll nine prey e a" FFF” pote ge? gree & wy apiyeer agen oe vee Sp ner ee a IE ne Te ete ae sieft  s 
Fn ener Sonar ee 7 enn ON Ye ES ,an eas 2 uae tpt ae 4 > oo +. BA oer are — eee en Sa — oo bg’ ow shee eas ee ae w os r- : pest ae me: f ow Bah iens w pl Oe ae pero rent ge pee te a eat Or ese eae ont gpaee" nO ge eae ore Or peep rt POST tne 
Rn ely OO, paavre” eer ON dea para ee mere OEY eee i ne wt Awe Na Y : rer Ten 7 ane of Pps . a ee in aed Legicts pene epi apiel Se pee wh cen cater i ep en geo oe aete eee oer 
“i ay Ae aan w= oe eee Te © ene aS wg@enerer Re) e erty ty0008 8 we eee UF dye ote? yet Te wn me om aig ao ww “rk mat . me eee * nar ee Bega a ome - -* adhd ee 4 git ts [se deel race pp Fog ger & aot OP an OK ed el ae ee aug AAD AOR TIOTE pee a OOP penn To inepaalatict eet eres at aw 
renee ere ner araar QF? 20 oa urea ot whet gga ANN ON spare a sake we! ae = < at ~~ z _ ¢ eas PH, eS “ring ar ~ = mer perros sorte oe eran regi lpia egies tied 2a ROA Ao we nee er ada Tae nn ee ape enn ae wo 
paarilir ine ey sad = wtp rrr: oy rete Nera snce PRUE NES ere ee hae ie teeteier SS reer OF nega NES NES ws ’ id 4 2 "dete at a pmhcgrees Naming  haakahG me npg OT ctor nett eer nen F ow On pakinnticieg ~ ge" 
Storer ee ee gene ee, are Ke OT tw ag tar Me WETS EMSS A teretetra hs eee awe ee Ae te a he - Py Pr epee aA oS hand ahead — pw~Ertet ow «6 Ae < pace ore ew aes othe OO POA Enger eee LS eden Ages chaser auton ae papier casero oe OT Oe ae oP 
pie Oe eee ore . medink yar OI el eae ery ews Ce by cucu rearerre See eh te fg Fees we Ae aa = a - I wasn Co ‘ ts ee RiP Oe © . . ase Oo aw rere Po alo ego ond aS OPE ORO OS FCN te ae we i pogrom © oe rs per ee ao es ee dna wer 
alt tO pice pia ole an Ow eee a / ee Ae RE emeretats GFE™" a qe ~~ oe & ave ears eter i w eat SAINTS eur 3 rere” Pete mem to od Pee O Ot OT A aed ES a atte popes OO seer ese sagen SAao ee ” - Mo seatefiidll = na fe EI 
pr en te ae 0" Sen a ere reer a " +. Ere Ae * - SS wu? : ‘ ~~ 4 : 7 wea otreie ne pacer conta T OT ge oe Oe oe el De an maith get 
ore 3 : 7B v. > Sey me wee OE ay Xe ava + Aen Sree % : vee Bae - Pier ee oF ase * POL SOLO ® ao gate pore nr chiral od gest a” a Kee autre * “om - 
feet eee Ee Oe a at ee te eo URSIN TINT (RUNS robgriye tere MTR ae ~ dai ‘e ouhe fy Ee a gr yan fa er Eee = aut . OL pono re pes 0 Pe ao NS penn rhaifinties “~ are? o® Cr ata on ra ee nr a oO near nn A A OO TT | aeatid 
pete Tet A Fost raparena a egee Ncavunrrs “9° pe ree: oro epee Van eee ne re er oey 0 Am Aan "4 Nn ow aa pec Seen wat F yor samen eee fat 
ates ws ee I oye aia tae ‘ev b ipa =p 2 = Bie ee ee ; pees opp REO OS nate atre= BE ETE. A owen = = p peepretiret On 
Sent gece ag re et te one tae arorera seer ao pew wagner oy Ae wa Pa cae = are ay . pnt ww fh Rm ee aes 0 erm I ached age CSP nis we Ce wn Ap ret ety SAILS: a cuanie + nor est RAKE OR APD pn area a yen naan geen ery clei joan owe eat OG a Bafa cl = 
ew pan fs AP fe eet te Cree ee ne rare are’ OPN ene ayn Nee Py, 1" r= wee — = o eee nee oa a om . . Sr ad ul? ie 2 “ o vm papal pha oe dle an 2 butt stage es Pa * rar ae peta ee Pe EE ae? sa ree 
te Lape te* oa prepa a i al tnt —~ . ews. we so . “ee eee se oe cal Nahe ire se ™ OR PRE FOES mo wm Sear parr” ae PT dl all A cael se Soh ent ae Re POT ee ae ald " 
ee eet svecom tiger re Fel EEE AT a nengee a pretyy vet EN gan oe an Pen arr pana, = ee aad a ew ame = graeme ¢ yaw Doiut + grb nT ane COE Tr en sapere me ee gaa a F 
FS gee’ om Y meray OTe rea eure “0 TOU GAN naa Yn eg Seed oye “OF” wegen ae Se : : . hep pS Cichlid’ "23 ne Sgee ies aE (oath carmanaset pp svegerarce arin” 10 e "OO eee ROO OT EG iapmromrgs F 
eT earners “ego en ST eid eae tena aroun ya : cae Pum A ae Pay aed OT ad Cre .s ohne wero nee * ce inf an en ete arr ee Fone anger Tee po avatar F te PO TA AS ON aes yrs ge! Sapna tre en cr nae Seat sect ce PO re as 
Se a sce yaa eee grqnnrTce UU acar au epayr eat Sahat . oe iy p ¥ Se i ace ee . es « # ab pa a a,raree OS ROR Cee Re Pee 1 vireo SO ey \ rane pect Agate We 10 POTTS Oe perso (HOP AO NOS ponpre CI PEA IECS oa ow gre ne mane 
ee ete eee: eee saan erent aon am" ag rag Ay «Oe or fd fete ware nbc yp whet 9 wer a. rut ood erae at f* Fe rere eee wr aren oF FAS payors dl As oe emer tw < SE he a i gO ae Nr ee ee 
re eter “Use Pe rere ery a, g be 3 ore eevee pies Paget tg TEI eee ater aan & ve vee mresetter “ate tar “ sap aw erp . a rer” -* eT LF p fore < oat 0 ee Ce Pp enn ea NT dacs? nares So een yr heh NAT LAR patel FL ti a anene! Maer ame E~a iat 2 a 
ieee ae teh eee ip ai eee in van @rremer am arty fh. SEG UTE ~ SxS ad To nant, Meg  O gtr Hoh! ee det ag FO ee os “ he : ee s IR oer et FT Pa ee AP IE Fa ihe i dadird ye ell ar ee & PL gee OT OLS ani een Faw evecare Ok” Be Sa tae as oa ea Te — 
wae ere Te area ore as wee Teenage w¥ gin ete ere fe eet Ok a Oe + ee ey a Sete: eh et ee eee Be OORT LO, ee, ep rg Tr Pe LOE 60 08 Pe OTE SOT” ee PE CNM PPT ae’ et Oe” ogee ere Cor ree rare ne peat agree 
ee eet ae Bret tg or 5 a ae end cm acne we =O ee Lend gre, - omen pion enon ME _ . . piven 008 yo reat xe er OP IAS o f= woe geuPoge ts Ae ” eG (OF a ntied Fd oad ne ger mr ors aaa a re 
ow . - pe < Pa toe) is  erae Se? » gre @ iY e! w =? ~~ * ee bk ad a agra Oe age Saewr er nr ioe mee ser all r oye # ARS = 
renee mL agri ptere Sane uae rae eee wen Ne pe te ee eae aaa Ae po eres @ Aoteh e Oy aa ve hewn te OE roe PP aeart ¢ ees ga Laila enn CON AOS LT, pile nd paiva pean 0 Ca RP ORE FS OAT en Fa OL A See a oan 
en NS pte hats ae ae Foca ae ot OLS of vere ® ey i ad ¢ HE My zB 4 vs Oe 7 “ad “rw are A rrr re ree TT aed ar a Fee oe Cee i aac ima a age peobgepres B ory-erw ager 
a RS aR Rene a tna ee NR NT EY areure’ 7°e anne er orw® Rare a ety DOG APE: © WS ANA Rae wheeler ee a ateiettd en LOY FO FE gar Teer F Pe ot ah an Pe aed geen rit et 6 OTE Le ep Pe ee hed ange aE AI TE Y Oe caine AONE ST yO are 
eae. Mgacserne te" 0% TN ge tek Nga een OTe tpg putates ere TP hier aoa ws Vite HES A ree ew mvs Oe a “fe meyer POO Bade Sars AP eee Fe vege & « oper 4 0 eggs rere at COP SENS ee hel Rte Denier geen ina Rens epee COE pra s 
Senet area nay ne pes poe ett eeu rate HENES a UP AE IT rr qa’ ee Od wee ) e% wrote ae Ne a aed ae PAF 2 Pe FF af 7 eeew so” Pee eae iw? ae Pe a ose ev ncaa war wd ke Ps pits gente” pera tte INGE Naeem Conga eee fol OS, cea incite ge age TEI = 
enn ag to lar re" Via jeper reer new Ye spree died pokey UR TN Ne pala mY LUPE « me PN: ates NON OAS F eG TT oaerind rae OF PU Od abaairiely separa’ He =F * Pn ee OF ar ot ANE ES PP VO OE aeeetnee ste oo — 
ete Met eertedy OS i dele died ET bel "ene ere Spettgh > Me ae we > ‘ A > ° UT SONS pd ac ON oe at : 
ei eetrtai Mae SIE Ore "t ete OES ee ¥ ee mi te an ty Coe mee AE COREY T . ys we Oe eee y ee ] Le eure nge tes Mw a Prt ee ore wef Ge Pa Or moe Fe = Pe et ie arlene ao wterta fe tan ph ste Ae dl ee OT oO ge pnetdOl POT a o pe op enenett “ Pre ees es nh 
Re rai sale ae ae A re rrayg OE IMG OE eee WLM, % EPS ag TE EIEN : a ere ae igre magn Ae OO ners MRS Fe irre es Rh eee BEAD recap UZ HE ON rns ot Lake prema a nsiageeieirertid at OB CTA LS ON Pecans One tenty pieroes ar oe ape! eGo a 
Carat een pt penn amet pag eS . a he ON a ips tn cewn ee ore wre? o Maher ama we rer yas a ae Qrzxarre a > , at Retr Ot Cd gebg e peer Pan errecwere pen or agent PF. Fe abe dh dill ee Preval. sk olindsiinat Pa ak pein Oe pinion Fe PS ee at ee ROL 
aaees ee a ee ON pons Tae at Ge nee “paieg ey eH sive sys ae. en ate ereeUe inne ws game Me NON RN: sly Crier PP 0 OA oe Aare ad, wees Kp ae wate bth IO pap oe Oe revere Ree grt es hae eons ooh re exieitet ore Se So ee a oe cere ao 
eg 0 IO ne ou : EP OOD cuca Tt AE IO we 7 THN saree oy Ramee ee ee pane wreF , Pat: PATNA rete . mgrsine ANE Pe FEROS emF page eee Fa F pee at samt ona re eee DEPP AA OS tte 8 re ere Oe ee - , ; 
ro ge Sar RF A NS ETN a 7 ar ‘' A ee res 3 . 7 ere ore wr pate i-CD ercndsortind ore en 
a sree Stan geen Ase aes aes a bree Sete honest feats eres SM f ret Sete a ad oe) aa whe? eh Meme ua ye wee wis STP sae er nie . eer tern er Per Orr Ime REF os PF ahead peters Fer gma Be £5 sewer Ne pial re oat ot et rE OO OPPS PME fort tins 7s era oan Ot & WAIT re 
cn a rare eater eset ter eee oe Sara Pe a ang ort Qe ah, ote HENNY oo ss hea eye CAE fre FN ele . g oe pa ue Me A BOO KT abn eer mE are eee ty yaw enn 9 Ee een BE OO LS ain Cee OCC, Oe mer act eae oe 
er ney DGS eS eC ra Ngee Sere ont me aren raree eS A rene cotuneey win 09 2 goer aera? = Fete vo wt OT ee ee rere Pe a Vag ON ere pene oF Nyret suse: OYUN F 0" ae) penn ctewtn ACE seacgret eer ae F ee gate rer 0 POO OTE FOO OO gee FOOT ON nc nn hoch doc ae 
ee eo ant Sree Rn cart ee maatate ve ee VEY share - ra tee Ch t= a ee ee pa api oe OT sate Pd eee, more of ONE, | odes EONS penne PIS epee TOE Ok ap eee i ais OE aware at 
aren’ ey Cea Ne aan Ayre ape ee . geet ee eee AR tie ap ch aa ee J eT ahi oe ow er TT FT agar z < . apes Ae oe e of .pe * rome fo ree ortse sb we ogeer ar 8 arb eee Pe ee eh al del reap wee Pee e eek Grae peemet pDOPPGO ae OE Ss ee rena 
pate oe nes momanenne “UY ar ngete’ <rume n8 Seecterretace ™ eee tm AU ' yee ane pty TP m er ~*~ ath eee ee La us - ~e > beng Pee Mom 9 oe pogo erg e 4 PT at meal ewe Cure cada ret Coleg +? Peeper oT lad Pn al Spa SP OT OORT enw Pt Or CO OF ae eae eT TN her wearer" 
Ce rn A eS fae PN Te ome HM eS a Riigis 4 VS mae ere is er erwrnrs a Pr | aeiliel a wee 3 » aur , on Ye * 0 he PaeF pe he VF BB OTe Oe? ge ee ern owen? peo rer i] angeupe 0m ger ee peed POLL ee PQs anrarsrere a Cea ee ratte eT era - 
OT dk Tid Pe athe TPF AN Ey EY wie wolte Se pe cn aa e > ar ae ee we qe Ue Arte Pri maga 1 LOT eT APO Pret & TAO ean te Ow Oe ON nae <a AG a ONTOS A Agere? # A OL OAT eel Er deta poet ebuatidl ea pe ne agree aeet 
. pact | a ent te WNNENeS he Tae ” ee ee ea *% 8 eee ee Ameer - eS failed s+ @ 1s qe a) ws ey a al ols ae ere atten =” We Tp er etenus re ostgwe ae ew ten) pereuee* Pe el are weet gee ater ee OT Te ore grow oe” ranean Oy oem 
io eet gm IT Me OO ay terete MeN FUME eg a AS ots a ateela ann om hots oe Ae at Pv ae O Wee 8% PAPE Ee ak tention’ IP PO UOTE Ce OPIS © OA ONL TE EIA ewer ere Cor ety ero’ ne Saar tg Weng pO 
. fn, witete-™ etva® Og "8 Ms ~ er ~ ~ Pe Me ey na Seats of We 7 ah Aveo A = et Ae Pe i aan Mh diate erm © se ee Be COE ~ some of ee Fyne wwe heanavensare” 2 “PE op etieat Pes teenies alpen pena NE Oren 
we tea ee ag ee AR NS OS ae cates TS ee er ers epee ome a oot Oe SORRELL OLE ES, Fee OAD AIEEE OS oon me sais ett eta peer ema ne? 
aad me ts Me F POLAT Colby pid Pe Oc a wee Ree pe garenree Ca Seen avenls wre ganas ge Oe BOOT ag penne Ad Sr Seataeaape es ana 
od be awe f hel dill peat ore ed ene a er Oe eels POPP OE A Fe OMIT Sales een re! w PP PROV TIT ser Peordenernatr ett hd eee i fiestt = i 
meg an eee, ONE heen PO pee a atin pont Satie Pare" 2 nee med ea Ce fe atc TE a - pe acters ee or a re cpr 
r ae ne re wer tee gd ee 5 dente WWE eo ure” ee gy eae eee ae 
* ao were ah etre & cata ae wm" pyar ae a 0 DPR RP ee pears © nae Or. a ae aT oa ORI we re 
grees at FF * y Piha oF + Hee aaa ner © I ag FOP IP O° SLE Se nae a mane wre 
EPS be Abbett Preyer “© ee re oe ahead oer ower Co PUREE OE ™ pO SO 0 ee OY IEW CeO - 
arene oe eT os nel wer rr en seg Se een PN cae re eS ee ——_—* 
en are oy ee oe - We cpt oo TERT OOS. * no Oe pemn er rot 
ag er ren a an Po aoa OE 
acer ener te a 
fete pn aaa 


ee helttind cere 
Ee naval bd 
pay Menara Ms On SO 
TL sia Penne’ ate ere 
merge es Taper te wre eure ee *e 
ga be Mar WE pa ee a ache ware 
sg MORE MS ages 
error mie SCTE 
4 Fe F Ota UUN 
Quits rN Ry Prvtea dP ' a re w 
ye Oey Tae yaw AAP” % 
Payee wget Ae wu ee eX 7 . 
“ah iad atte ¢ s 
avis ark wee St hed baat 
" y. Be or oe gpPoanie 8+ o . 
wares e joa ewer .tee eer SS typ we Mier A 
aes greece” ae? Hat YOR UMA 70" uA 
ai Pe a ol ed Pk Ae wr 
SS Pe TS Por Sg gt OIE EP NP 
erwrente epee TE vows ove eee 
eer sheer etn © pop canersi2 orale” cao” oe ONS a“ 
ee abtahatlind 0 a ever Pe ne read 
Leanne 97 Doeeee C 


ae Dated 
indi ee there M aty te SRD 
eaten eg NS Norte 0 Aree 
wpe HO NS panei net ae ELS ne ae a 
eee 6 TRE er: Pel bittate tate Se BW AG NWN, a bt 
aye 88 Centre Sern ae HON ee prae a aTithts gy wen ee 
Dept AAA aa tei lial, pert te Seana ete ee oS 8 pe EN a? 
areata ree eee ame pee a eee ey Ane are renga ean eer YE ee Rue PE Ce Hee ES sip ee 
aa catee Se ncyet ; sete geared ee eae WA Urry RE SE reer Ne OEE VETS pty Sto abet Ee La Agee prides pei PE ote 4 pees 
wae apo ns WOO ETY ay eh etg ee ree Sateen e ee A re ee gt Mees ware UNREST Y verge vA ee ghey PPI g ty eae Ot aie neti 
£8 eae age Te Ue rans ney ee eee TONS, Ree ee ee aes aire to a rare et im oN ON a ent oe AGrne 
i Sets eet W WIL ig Wy Ue SES we eeda a ate ater, ey tn ee gta ONE Maes NIN a AN a Ae AAP i ak Ng 0d ‘ : 
piseg eset te as Sane OS Toate wae Fo Wein INEST Fe ane tA Pat es hh pes engine oe ale ee ce diy se fe (away Sea tee LOM = wy Pater » ORs ei ene tt 
Se aaa wt Cet % > aca B eeN eh 8 irae 2 6 ee Tee a ae t paper’ Wr ames ftte SE rig enor te a ALN 2 DROP oe 
. cere eget ne: SERN je +e"e ogre Scot oer th Hi ? Ai, OR NN paw ASD Cand + oth eit “oe i“ orn: = 7X ° o - OF ow 
Seertapimact ean ie jaar ee Sarna ey trent are rete Kew Aes sagt ove Seo at ee Se 59 nee Opa a ee ete emenet® Sh repeat tee att Poh aH pth ” abirfie pipe ¢ on seahr PA Fe ABE = 
mae vane ree vel pris peng cart ete peer TE ta fete) ee ah ee at a OM ‘ers © Pa cited es @ wo owesre we +e Oe Pie at ON ote CT a le ase ad We ¢ ee a Ara reat a eM oF a eo ert nae oe rue cde te tee An Gio gi Get 0% 0 feed Feet PALE FOES wee 
: sabe yw ae eases ey vn e 6 ce me tte ® Teg Ne bree ce sare AES peewee? acu rene RSet ee ehh RRA oft Aly on™ em 5 ona bes o tes Ow sort we AF BAe ee eg? 7 ee I pened eer PPS pe an et capren ee RTNOU ND LAT 
Se ner Sloe ae 8 ana yey eave ws Ue YN pone a ee ge Sapna Oe PREIS Sg tga ee a pane te aT pease ae os a ArPe nates ee en mnie OH eds pee am ee A ne Bn eT oa Sp aaa we tee 6. eS PP ROTO teal geet wiccearoas FN OTT 
ureter ae Pe Sieh aire esate ee ee Pee v wan oyserony’s * NES iy OT ep Py feet it RO Lagi ah eee se Bo LOR ES Ben ol ri Boch sus 0008 oon a ore gow ss TES OS andrea d O°OE OS ES a pine mn ee ental ce grenne® 
alee eat Lec yeh gn se f. Y nae yore ert Lae pe te a ENRON Pe SO as payee pire rigger we Oe 2 tn has poy gre Of oh iar Pn ee Oe gee eee Pet eta alent ih c tennant eh earentn (ta eatge eee 
Pees eontoree aS vir BES Aaland R see mae ay A ees OF Btivye ply te es Rede RAAB Boe ape dl $e ‘ *h - , oat pos wwe ne ps ees ‘-0 yi ono Ip ecegr es Sencer erties Eetatactn Pee’ Ore aeue eT deh are Soeewia stentewaey ten me rane: 
zee ~~ Se eu RTT eA rye t ¥ ak ws erg SEE pein “Y a dhl Anna t a 2 apt = ‘ 7 ad 2 a ar 8 h ? x Fe ote nr Po ‘* Tee 6 ow pte op igre s- ist ee *s es gree whee om = AT Ee Oo rd a ae Cave oa eae a 
py ardor’ Tarynn ee Co re ore yrereie LAN bee Moyne NSO N eR LS pot A PP NEN PNe v2 ee heer e ee pet Rafts. 0 Me CAPT Se PP REL SP everes antes FIs POMS OV WIEN fe ne Ve OO ae rant Onn” ™ 
. oa ae ew Sa Sh nie J . =e nadie hn pe ae aay ore ye eran Date, Pee FEN sw % adh apireg® 4 paren Raseaeem ot ae ne Pa. te ded Ae t < wo irs pit rte e FS fe P cata ke - ke a noua patti 
geet e re , Dns Date nih Recaro hin were OE p ete eS ES, ee en eae? Pa aN ne nm * re 9 DI PA PMP * R Peoncilt® > ia é :  Sepr re ee tee ewe COCO paren vee wee edo er hae aS 
ae Ne Oe OU renee ee Lai eet =U Temtta sy WNC. ye eUeee meters Sate 4 8 5 yp revnene Ee aoe UNS canta y= ON PaO me 8 roy oem 4 6 & ee ee _ ao OPP: HOM IO Pease Pd wah ©” edad al PY duis prees at we Ee UTE e Fare oer nA LS Se owes arate DATE OS egoyrereer? 
ob eg ee =r fe ae AUS RAY Sqeyre Par, MIP Rt hae et ee ou Pe Oy! Welw Suter te Paice = & 7] & “& a? WE owe Oe Oe au fang fe et es ee reve Pre pated get ow eRaswrer oy one eet = aed we i al re 
pap aN gat ae penne uN at . a ap ee yO ——- pee We Te apr ave 2 TY a othe ry A afer nae Goran Met pi oe Avene YS ad ont = Leg 0 ET PE Spend ont Staceu a oe eee ee OTe ON pices aoe 
oo Sea art Nay PSE rena oes tag 9 8 Pusan Fars Row Lea TS ad ahr  - x . @ : ial Php Ashton “apt portiaal iS So Lanai’ Pp nn aah ire pel rng ey oe notes ewer awe 
aati Sil LEO ope raracre Ie 4! . aver BK Stee TIM NC vite em 28 i re whee Siete # ere “ahr car mas & ors a gor er Fo * ed MO MOS PA SAE PAL: ote oo - . Se Se np ee 
Cee ACTA yee Swe: seria ts es AS ARADO a ee te TE CE se ae re ge fe i be Sie Tobe ment f Be, re nese SC pee Boa ne reece See Oe ere" were orn: Sl a rn pa ore 
dt A ; , =n * er we ve Pare » ee wr Rae s L~ \ eng 4 btn WV sas a: ey owe oh pew. g PEO Ff OP ML OIF Pe me = ch ge rete ter wren err NT ee POTN Oar to 
Ay gh’ a a me ae BU Ne 4] Pre oS m4 : ee Poser? Peo i J obPO rl, Kn wart A PRL NIL epee: PE pa aE CSL ht oe ane wees Sere OP coon ean epaaOereToae eS een 
ke , ve Abe SHPO Ge. Re me = ar Ane KOE co er 92" LP Awe ek eis tS dis, tr tag Sa nn ROOT ag ymscete te OD a ga or OI ee Sane acer eT ack pee 
Dead we % . aver f se en ae » ee ph ge ain . * 4 yore we catiedgics oA fared Cf -golllgt 20 oe On si ere Ite: gee ee Bese purer oem fewre ower oe gy OT POE erie ee pepnre ent aegvr Oe 
- oo ' . wre ie ig : a - pite we rat ba ra eh dalets Ree y AS Laat ch ek een eee eee ow " OE ere OnOw NS aor eyes 
Fj ‘ F aya” 4 e “¢ Liv mete Lay - yee 2 * na OT bee Leen eT anouiiedl peas srr ar ee pow ery’ http ont tids pe ee ene’ peewee Oma 
Hi. Aut e. Ate OF ial pec as “doe aren THE Fe Lage Wi eiee eee e et err enee eeeeeee 
a ry SL aear eeayh 4 cs oa - wa ee we As age (te HP ORF Pee Le painted cere: 00 UOT TN Sy 6 OS pag on 0 ee ar ae Oe pe oes 8 Pe Oe OOO age 
eae a ow oe sh hee army moe Fina uh oh coahell ere ne OSS f parrenn ereee oe LN ogre Beste ete garnet Cage ene 
< Po pete My one rele MF pitt wees er aw Gr Ohl De el ete A, CORNET ONY, a wrest poi errr ey reno HOWE RS pg En OU On row eee 
ma OF eee & enn: & Oe ne ae chp 2p OFS AEP ET A CATT a Oe OTE A lua tate 
ale Pe a dad SE 2 OO Ee of ete ® sl i ek aot Sorpretet ees OPS ey ewer 
Sea eee ae ” oS Og i Pe FEST ONL wees ye wee AEE owe Pee ee i WOT OLE 
an pe sed PF OCLC OE OLS ence AOS peg ance eee Dee 
abc POR nT erhalten the ass art eras 
ad Pe EP ee IO rte VOTO oe 
tt fe CECGP VE 





